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ABSTRACT 


The advent of the missile firing submarine has added yet another 
dimension to the problem of defending convoys and task groups during 
ocean transit. The specific situation wherein the submarine must 
surface to fire a relatively short range missile against a convoy of 
ships is considered. The model developed considers several different 
problem parameters. It enables the calculation of probability of 
detection of the submarine, probability of killing the submarine before 
a particular missile is fired, and the expected number of missiles that 
the submarine will fire. Selected results from randomly selected 


parameter values are also presented. 
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CHAPTER I 


INTRODUCTION 


1.1 Objective. 


The constantly evolving process of measure and countermeasure have, 
in recent years, added yet another weapon to the submarine arsenal. The 
ability of the submarine to surface and launch an anti-shipping missile 
allows the attacking submarine to stand off many miles from its intended 
target and launch its attack. This same type of attack is also very 
possible against either strategic or tactical land based targets that 
are close to shore lines. 

In order to assist operational forces in gaining an insight into 
the problem, and to make guidelines available that will assist in the 
selection of numbers of aircraft, altitudes to fly, etc., a mathematical 
model is presented in this paper. This same model can be used with equal 
facility by prospective developers of future search systems. The model 
presented is an adaptation, through set and probability theory, of 
search theory techniques developed by P. A. Morse, G. E. Kimball, and 
B. O. Koopman. 2. 

Included in this paper, besides the model, are probabilities of 
detection and kill, and expected numbers of missiles fired for randomly 


selected values of the various necessary parameters. 
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CHAPTER II 


MODEL DEVELOPMENT 


2.1 Assumptions. 


Several assumptions are basic to the development of this model. 

Some are made in light of the author's operational experience, and others 
are assumptions of necessity in order to release the model from human 
factor encumberances that cannot be readily expressed mathematically. A 
slightly different developmental path for the same model is presented in 
Appendix I, including the assumptions made and its mathematics. 

The basic scenario is described as follows. Consider a convoy 
(task group) at sea. It is known that enemy submarines present a threat, 
but the presence of one or more of these submarines in the immediate area 
is not an established fact. Among the offensive threats that the enemy 
submarine force has, is the ability to surface and launch anti-shipping 
missiles. An airborne radar search is to be conducted about the convoy 
as a defensive measure. 

The launching of a missile requires the submarine to remain on the 
surface for some finite length of time. The position of the submarine 
within the area described about the convoy by the missile flight radius 
is unknown. It is assumed that this position is equally likely to be 
at any point in the launching area. Factors affecting the missile 
launch radius, hence the area to be searched, are discussed later in the 
paper. 


Two further assumptions about the submarine are made. First, it is 
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assumed that the submarine has no information as to the whereabouts of 
the search aircraft at the instant that he decides to surface. Second, 
the number of missiles to be fired is decided upon before surfacing, 
thereby fixing the length of the firing cycle before the actual time of 
surfacing. This latter restriction is not extremely unreasonable in 
the case where the submarine has orders to shoot at a specific time 
(i. e., the start of a surprise attack leading to open hostilities). 

The only search weapon considered in this model is the aircraft 
search radar. Further, it is assumed that the paths flown by the 
aircraft are random within the search area. A study of Figure (1) will 
show this to be a reasonable assumption, even when each aircraft is as- 
signed a search sector within the search area. Note that search sector 
lines could be drawn in the figure, but without them drawn the randomness 
becomes quite clear, 

A parameter called the "Assured Radar Detection Range" is used 
throughout bite model, This quantity is defined as the range at which 
the number of targets ailefed at lesser ranges equals the number of 
targets contacted at greater ranges. This has been called the "Cookie 
Cutter" detection range. From this definition, the probability of de- 
tecting a target passing within this range of an aircraft is ome, Care 
im selection of the "Assured Radar Detection Range" for a particular 
situation is to be emphasized. This subject will be discussed later in 
the paper. 

Once the submarine has been detected it is assumed that the only 


possible attack vehicle is the detecting aircraft. If amy other aircraft 
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scale: 1 inch = 50 miles 
Search Parameters: 20 minutes at 150 knots, with 30 mile radar. 


Random Search Assignment Diagram 


Figure 1 





were closer, this would imply that that aircraft would have made de- 
tection first. The latter assumption must be modified to some extent 
if more than one type of aircraft is present. In addition, the as- 
sumption is made that the firing of one or more missiles does not give 
away the position of the submarine, even though the presence of the 
submarine somewhere in the area is then obviously vate 

The delay involved in speed build up during the initial part of the 
attack phase, when the aircraft is transitioning from cruise to dash 
(attack) speed, is assumed offset by the ability of the aircraft to 
attack using short range standoff weapons such as air to surface rockets. 
Also, arriving in attack position implies a successful kill with proba- 
bility one for the purposes of this model. 

All other parameters used in this model are fairly straightforward. 
Either they are standard aircraft parameters, or they will have to be 


yom, 


estimated, as in the case of the enemy submarine parameters. 


2.2 Probability of detection. 

The total area searched by aren aircraft while the submarine is on 
the surface is depicted in Figure (2) or Figure (3), depending eich 
sweep angle of the search radar in use. The calculation of the area 
involved is developed using: 

a. The area searched out immediately after the submarine surfaces 
is approximately equal to'the area covered by one sweep of the radar. This 


is some portion of the area of a circle, and is computed as OTTR’. Where 


6 is the fraction of a 360 degree circle covered by the search radar, 
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and R is the assured radar detection range. 

b. In addition to the above the area covered while the submarine 

is on the surface is: 
(time on surface) X (aircraft cruise speed) X (twice the 
Search radius measured perpendicular to the flight path) 
ce. abf 6 = 0.5 the search width (radius measured perpendicular 
to the flight path) is R sin (OTT), noting that 6 T=6 . This 
result can easily be seen by a study of the geometry of Figure (2). 
If O = 0.5 then the search radius, as shown in Figure (3), is simply 
R. 

d. The time spent on the surface by the submarine will be de- 
pendent upon the time it takes to fire each missile, and the number of 
missiles to be fired. This time is computed using the formula 
(Tl + (m - 1)T2). Where Tl is the time from surfacing to launching of 
the first dtariie. and T2 is the interval between successive launches. 
The quantity n is the total number of missiles to be fired. 

e. Combining the above subparagraphs together the total area 
searched by ep aircraft is then: 

0<O<0.5 
O = 6 TT Rr? + (Tl + (n - 1)T2)V R2sin( OTT ) (1) 
05=<=(O0<=1.0 
Y= OTT Rr” + (Tl + (n - 1)T2)V_2R (2) 
To obtain the probability of detection of a submarine by N search 


aircraft the development used by P. A. Morse and G. E. Kimball is 
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followed. [2 | In this development the random search postulated previ- 
ously is essential. In addition any overlap of search effort is assumed 
to occur in a random manner. 

Consider the instant when the total area searched since the subma- 
rine is surfaced is £2. The probability that the submarine is not detected 
prior to this instant is denoted by po, (3). Next, increase the area 
searched by af. This increase being positioned at random within A, 
the total area to be searched. The probability that the submarine will 
not be detected in af is l - dB Ia. The probability that no contact 
is made while B t af is being searched is then denoted by po, ff + dB). 


Then: 


ro, Bray = (1-98 po, [3 ) 
P(O +d - P(O — af 
A 


P(O, /§) 


d P(O mugs. 
) A 


P(O, 


Yielding the differential equation: 
aD 
apo, B)=- r0,2 ) (3) 


Solving this differential equation, with the boundry condition P(0,0) = 1, 


= Bia 


po, 2) <@ (4) 


Therefore, since the total area searched in the actual problem is denoted 


results in: 


NOX , the probability of detection of a submarine during its total on 


surface period is: 


_ NOC 


P(D)=1.0-e 4 (5) 





2.3 Probability of detection of at least one submarine in_a group. 


There are three possible surfacing situations for the multiple 
submarine problem. First, consider the case where two (or more) 
submarines surface simultaneously. As will be further elaborated on 
later, this would seem to be the most likely of the three cases. The 
probability of detection of at least one of M submarines is: 


P(detection of at least one of M) = 








= 1.0 - 1.0 - e e | 
0 
mea 
| 
=1.0 - le 
_ MQ 
A 
=10- e (6) 


The second case to be considered is the situation where the subma- 
rines surface at disjoint intervals (no two or more on the surface at 
the same time). This is clearly the original problem stated and may be 
handled with the theory initially developed. 

The last case involves different surfacing times and overlapping 
surfaced intervals. Probabilities for this situation are calculable 
only for each individual case. In addition, this situation does not 
seem as operationally appealing as the previous cases. In this case 
the detection of one submarine would only serve to alert the convoy as 


to the presence of submarines in the area, hence making succeeding 
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attacks by succeeding submarines more risky to those submarines. 
2.4 Probability of kill before the an missile is fired. 

Now that the probability of detecting a surfaced submarine is calcu- 
able, the next logical question concerns what can be done about the de- 
tected submarine. Especially, what can be done before the submarine can 
fire his missile(s). 

In order to develop this part of the model a digression is necessary 
for background purposes. This development uses the methods demonst rated 
by E. Parzen. [3 | 


Consider four events A, B, C, and D. 


P(A(\(BUC)()D) = P {{canyU ano] ot 
= p [(ANBND)U CANCND)| 
= P(ANMBMD) + P(ANCND) - PCANBNDNaNcl\p) 
= P(AMBND) + P(ANCND) - PCANBNCI\D) ~——s¢7 
Next let: 


A = The event the submarine is in some searched area [3, desig- 
nated detection in the following. 

B = The event that the submarine is in the initial sweep of some 
aircraft's radar upon surfacing, designated () in the following. 

C = The event that the submarine is In the balance of a particular 
area of size 18. designated | in the following. 

D = The event the submarine is killed, designated kill in the 
following. | 


Using the above definitions the following results are to be noted. 
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aw wec = O+E] = £ 
be BC = D (empty set) 
Using result (b), term number three of equation (7) can be handled thusly: 
PAM BIVC MD) = PAM DMD) = P@) = 0 (8) 
Using the above dpa tanita and the result shown in equation (8), 
equation (7) can be rewritten in the form: 
P | detection (\ (detection in © U detection in (-] NM) «111 | 
= P(detection() detection in () () kill) + 
P(detection () detection in -] () kill) 
= P(detection)P(detection in Q) | detection) P(kill | detection [ )} 
detection in (¢)) + P(detection)+P(detection in [-] | detection)- 
P(kill | detection f) detection in [-]) (9) 
The following results concerning equation (9) follow directly from the 
previous definitions. 
a. detection {detection in @ = detection in © 
b. detection f) detection in (‘| = detection in (:] 
c. detection f\(detection in © U detection in (-] ) = detection 
Using these results, equation (9) can then be rewritten in the form: 
P(detection {) kill) = P(detection)>Z (10) 
Where: 
Z = P(detection in © | detection) P(kill | detection in () ) 
+ P(detection in [+] creat tame P(kill | detection in [-] ) (11) 
Since: 
P(kill f) detection) = P(kill Wieteceton)eE(teteceiion) (12) 


from the laws of probability, equation (11) or Z is actually the 
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P(kill | aeeeraten): 

In order to uncondition equation (11) we again turn to probability 
theory. Consider the two events F and G. 

P(F) = P(F/)G) + P(FN G‘) 

= pF | 6) PCG) + PCF | 6°) PLCS) (13) 
Where G is defined as G complement. Next we make the following defi- 
nitions. 

F = The event the submarine is killed, designated kill in the 
following. 

G = The event the submarine is in a searched area, designated 
detection in the following. 

We then arrive at: 

P(kill) = P(detection): P(kill | detection) + P(no detection)» 

P(kill | no detection) (14) 
From a practical’ standpoint the P(kill | no detection) must be equal oc 
zero. THERE roe 

PY (X) = P(kill before the xo missile is fired) 

= P(detection before the xth missile is fired)«Z (15) 
Where Z is as defined in equation (11). 

The next step in the development is to explicitly define all of the 
terms of equation (15) in terms of the measureable parameters. The proba- 
bility of detection term is similar to that expressed in equation (5), 
with the only change being the substitution of the me missile for n in 


equation (1) or equation (2), whichever is appropriate. 
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Examining equation (11) we find the first term of Z to be 
P(detection in 0 | detection). This is equivalent to the event that the 
surfacing submarine is within range R of an aircraft when it (the subma- 
rine) reaches the surface, given the fact that the submarine is in one 
of the searched areas [J. (See Figure (2) or Figure (3), whichever is 
appropriate.) Since the submarine is equally likely to be in any part 


of [3 (see initial assumptions), this term can be represented as: 


area in () 


P(detection in © | detection) * SST" anes Lan 


OTT Rr? 0<O<=0.5 
OTT Rr? + 2RV_sin(O7T) (TL +(X - 1)T2) 


7 (16) 
OTR? 0.5=O0=1.0 
OTT R? + 2RV (TL +(X - 1)T2) 
The next term to be considered is P(detection in (2) derecetene 
This is clearly 1.0 - (the applicable portion of equation (16)). 
The third term to be considered is the P(kill | detection in @ ). 
The given event in this probability statement implies that the submarine 


is detected as it surfaces, and will have a period of time equal to 


(Tl +(X - 1)T2) remaining on the surface before the th missile is fired. 


The distance that the aircraft can travel in this period is then 

(Tl + (X - 1)T2) Var If this distance is greater than or equal to R the 
aircraft will always be able to get to attack position. Therefore, 
P(kill | detection in ©) will be one in this situation. 


If the distance the aircraft can travel is less than R there will 


14 





be some percentage of contacts that, even though detected, will not come 
under attack. Again using the assumption of uniform distribution of 
contacts, the circular uniform distribution applies within the circle, 


and is of the form: 


a 6a 207 rdr _ (2r)dr 
r OTT r2 R? (17) 


(Tl + (x - 1)T2)V, 
F_((T1 + (X - 1)T2)Vv,) = (2r) dr 


; R- 
0 
2 
(Tl + (X - 1)T2)V, 
; R | (17a) 
Combining the information from the preceding two paragraphs: 
(Tl + (X = 1)T2)V,\°  (T1+(X-1)T2)V, = R 
oa er 
(kill | detection in (@)) = (18) 
1 (Tl + (XX - 1)T2)V, = R 


The last term needed is P(kil1 | detection in [/] ). Detection in the 
square itself implies two restrictions. First, detection will be made at 
range R, and second, detection is made after some period of time has 
elapsed since the submarine surfaced. If (Tl + (X - 1)T2)V, is less than 
R the aircraft will never be able to attack the submarine before missile X 
is fired. Therefore, the P(kill| detection in []) is zero for this case. 


If (Tl + (X - 1)T2)V, is greater than or equal to R, then there will 


15 









=? ’ . 1. = * ee ean ee FO | 





| ss © 1s <—- ~! ~~ —, ’ 
Bibtih eit 6 6 ° oat he tliiae —.) 





—se oi ae 


ee a) 


“—_ - 
| “AMY PPPS. 


| — s+ _" | 


9 oo ete s @ ae | emeewoled 10) ecteorme 





. 
. 






ee 
fpr tie WH 

ee ee i ee) 
Le | er} eee et eee mee Lt 
a ee 
we pa rorae ented afjumd att enti 
NO ee FG ge oe © ceue I Mg 
Pols.) 2 Jeeke 2 lo Mare” ey 
hae 2. (eee =|, eer) he 








be some period after the time of initial surfacing that the aircraft will 
be able to get into attack position. Again under the assumption of 
equally likely submarine position in the square, there exists equally 
likely detection times given the fact that deeectionwein be made. 
Defining T, as the elapsed time the submarine has been on the surface 
when detected (a uniform random variable), we have: 


(\) Sof eee ee 
a ) * (T+ (& © 1)T2) 


O=t' =< (Tl + (X - 1)T2) (19) 
Examination of the physical situation indicates that an attack will be 
possible only when the total on surface time minus the elapsed time on 


the surface when detected is greater than the time needed to get to the 


target for attack. This is formulated as: 


\(r1 + (X - 1)T2) - T, | V,2R (20) 

(Tl + (x - 1)TW, - RET,V, (20a) 
ics + (X - 1)T2) - R 

0o< T= —— = = (20b) 


The period between the upper and lower bounds on T. expressed in re- 


lation (20b) could be called the useful time for detection. Using 
relations (19) and (20b): 
V,(T1l + (X - 1)TA- R V (Tl + (X - 1)T2)- R 
Oe = tt nit ama 
t Va Tt Va 


By (Tle "(RX 102) 8-R 


Va 
: 1 Teas Sees 
CE Caen S73 (TT + (x - 1)T2)V, 
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Multiplying and combining terms, and defining: 


bintOTD) 0<A<0.5 


(22) 
1 0.5= 0 =1.0 


Q= 


this development shows the probability of kill before missile X is 


fired to be: 


- BO 10 R° + 2RV (Tl + (x - a 
l-e 


ATT(r1 + & - 1)72)7v,° 


5 (23a) 
ATTr + 2RV_(T1 + (X - 1)T2)Q 


Py (X) #(---n2 nee ee nen o> do eee ene n een een nee ee wren nnn nee nee n ee nee eee e eee 


: § OMe + 2RV (T1 + (X - 1)T2)Q)] 


2RV Q 


1 (23b) 


COMR+ 2V (T1 + (X - 1)T2)Q)V, 
Equation (23a) is used when (Tl + (X - 1)T2)V,= R, and equation (23b) 
is used when (Tl + (X - 1)T2)V, >R. 

2.5 Expected number of missiles fired. 
In order to be able to make this calculation the probabilities of 
the submarine firing exactly one missile, exactly two missiles, 

,» through exactly n missiles are needed. At the present stage 
the model has yielded the probability of killing the submarine before 
missile X is fired. The event that exact ly one missile is fired is 
disjoint from any other firing event, as is the event that exactly two 
missiles are fired disjoint from any other firing event, etc. With 


these considerations in mind we proceed as follows: 
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P.(0) = P(O missiles are fired) 
P(t) = P(O missiles are fired, or one missile is fired) 


(24) 


P(n) = P(O or l or 2 0r.... . or n-l missiles are fired) 
Then using the set of equation (24): 

P(2) = PY (1) = P(one missile is fired) 

PY (3) - P, (2) = P(two missiles are fired) 


: (25) 


P, (n) = PY (n-1) = P(n - 1 missiles are fired) 
The set of equations (25) can be written in the general form: 
P, (i) = Pei +1) - P, (i) 1 il, Qe. »>n-l (25a) 
The probability of the submarine firing exactly n missiles can then 
be computed by summing the (n - 1) equation (25a)'s and subtracting the 
result from one. 
n-l 


P.(n) =l- 2, P, (i) =1- PL (n) (26) 


The expected number of missiles fired may now be formulated in the 


normal way for discrete probabilities. 


E(X) = 0 P, (0) +1 P,Q) + 2 P,(2) +o ot OM P,(n) 
= 0 P,() +1 (P,(2) e P,(1)) +, ..t#nva(l- P(n)) 
=n- P(t) - PL (2) -_— =. eS P,(n) 
n 
=n- P_ (i) (27) 
K 
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CHAPTER III 


CONCLUSIONS 


3.1 General results. 

Representative values of probabilities of detection, probabitities 
of kill, and eypected numbers of missiles fired are presented in 
Appendix B. The parameters used in this appendix were chosen at random 
from the many combinations of numbers used during development of the 
model. All computations were done using a digital computer. 

The manner in which the probability tables are presented in the 
appendix clearly shows two very interesting results of the model. The 
first of these is evident when, for a given set of fixed heading 
parameters (aircraft and submarine capabilities, and area to be searched), 
any range R is picked. Following across the line that was chosen in 
the tables it is evident that the return per added aircraft, in terms 
of increased probabilities, diminishes as the number of aircraft is 
increased. This of course is a characteristic of exponential curves, 
and is to be expected here in view of the development. 

A study of the PL (X)'s, for X equal one and two especially, illus- 
trates the second of the above results. Again using fixed heading 
parameters, but this time holding N constant and changing R, this study 
reveals that in some cases the probabilities of kill start to increase 
with increasing R, reach a maximum, and from there on will art 


In order to explain this phenomenon, consider the circular shaped 
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area that the search aircraft's radar sweeps out during each sweep. When 
R is increased, the area searched is increased as a function of R squared, 
hence significantly increasing the total area searched. This also in- 
creases the probability of detection. If the aircraft could reach, and 
attack, all of the targets it detects before the missile of interest can 
be fired, this would imply a steadily increasing P(X). This is in fact 
the case for reasonable, tactically interesting sets of parameters. On 
the other hand, if R is extended past the distance of possible travel by 
the aircraft before the missile of interest is launched, two events take 
place. First, the probability of reaching all targets detected in the 
initial sweep of the radar after the submarine surfaces is now less than 
one. Second, the aircraft will be unable to reach any targets detected 
after the surfacing time in order to stop the missile launch of interest. 
Thus, considering the rate of increase in searched area with an increase 
in R, there exists a higher and higher probability that a submarine de- 
tected will be outside attack range. The above facts then give an 
intuitive reason why the P(X) 's do reach maximum values. After testing 
many sets of parameters that could be tactically interesting, the author 
found that the maximum occurred at the point where R = (Tl + (X°1)T2)V,. 

A partial proof of the above will be sketched through a combination 
of numerical and analytical techniques as follows: 

a. Proof that equations (23a) and (23b) are in fact equal at 
R =(Tl + (X - 1)T2)V,, thus establishing continuity at this point. 

b. Proof that equation (23a) is monotone decreasing for: 


(Tl + (X - 1)T2)V, = R<-o9,” (28) 
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c. Statement of a result about the form of equation (23b), that 
was observed from many numerical results, for: 
O<-R = (Tl + (X - 1)T2)V,- (29) 
At this point, in order to simplify the notation, the quantity T will be 
used to refer to (Tl + (X - 1)T2). 
A comparison of the two parts of equation (23) shows that step (a) 


above requires that: 
) ne 4 
OTTT’V, 2RV_Q 


= 1 = 
OTR? + 2RV_TQ C A7TR + 2V7Q)V, 


at the point where R = TV,. Therefore, upon substitution we get: 


d 
OTT? + 2RV TQ ( OTR + 21) 2 
OTR? O TTR? i 


OTR + 2RV_TQ Sane 2RV_TQ 


The proof of step (b) is effected by examination of the first 
partial derivative of equation (23a) with respect to R. After some 


algebraic manipulation this is: 


N 2 

P(X) —( AT R°+2RV TQ) 
Be vx [i +8 6 10x? + anv,10) = wae c 
y : (31) 
Where: a 6 TT R2 + 2RV TQ) 

Co 2 y) 

e (2 O TTR + 2v.19)(0 TT rv, 
K = (31a) 





mo ailers 2RV_TQ)* 


This derivative must be less than zero for all values of R greater 
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than TV, in order for the slope of the P(X) curve to be negative in 
this range. Examination of the constant term K shows that this is 

always a positive constant. Therefore, the term in the brackets in 
equation (31) must be negative for this proof to work. A series ex- 


pansion of the exponential term yields: 


N 2 
*( OUR? + 2Rv 10) 
La . -1+2(6 70 R° + 2Rv TQ) + 


N 2 2 
=( Cnn 2RV_TQ) 
oe — 2° |, ‘ + e 6 9 (32) 

Substituting equation (32) into equation (31) and performing the sub- 
traction leaves: 
) P(X) [Rc Orr r” + 2ev.ray]* (2c O71 R + 2ev_79)]° 
Cc A c 
ma EK OC ee eee ee et 
DR 2085 a 


tne. (33) 


Equation (33) is clearly negative for all allowable values of R under 
consideration, thus completing the proof of this step. 

Lastly step (c) is somewhat more difficult. Again a study of the 
first partial derivative of equation (23b) would seem to be the desired 
path of approach. The idea being to prove this derivative positive for 
the desired range of R. This derivative is (again after some manipulation): 


3 FR) 


x crs (OTT R° + 2RV 79) 


COTTER + 2V TQ)V, e 
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Nc O77 R + v.70)( O TU RV, + 2v Q(TV, - R)) + 


N 2 
x S TTR? + 2V_RTQ) F v9)? 


“ (34) 
6 TES 2v TQ 


Equation (34) is quite complicated, and any definitive analytical re- 
sults are very hard to obtain. The equation will break down in many 
forms, some parts of which are clearly positive, other parts clearly 
negative, but in no case found were any of ene terms found sufficiently 
alike so that a statement about their relative magnitudes could be made. 
In view of this difficulty many computer calculations were made. Many 
widely varying combinations of gtCnaCeess were used in these calcu- 
lations. All computations showed that equation (23b) did reach a 
maximum, and then start decreasing. In all cases where tactically 
interesting sets of parameters were used this maximum was found to be 
at ranges greater than TVy? so that when the maximum was reached this 
equation did not apply to the problem. 

The considerations involved in selecting "tactically interesting” 
parameter combinations were avoidance of unreasonably long on surface 
times for the submarine, use of so many aircraft and such large R's 
that NCY was many times larger than A, etc. 

The desired conclusion then is that by using reasonable sets of 
parameters the maximum PL (xX) 's will be at ranges equal to TV5° If 


unusual aircraft parameters are to be used care must be exercised in the 


selection of areas to be searched, etc., in order to derive meaningful 
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results from the model. 
3.2 Parameter relationships. 

F611éeing up on the discussion in the latter part of the previous 
section, one of the most striking parameter relationships occurs in the 
P(x) equations. Of particular note is the fact, that when the killing 
of the submarine by the detecting aircraft is desired, there is no bene- 
fit in increasing R above the range equal to (Tl + (X - 1)T2)(V,). In 
fact, ground is lost when R is greater than this limit. This has an 
affect on search altitude selections, and radar scope range settings, 
Since these factors directly affect R. Furthermore, the designer of 
future aircraft has a handle on the relationship between R and Va for 
this type of problem. 

The area to be searched, when circular in shape, has a tendency to 
become very large, even with seemingly small increases in circle radius. 
Again, the area is a function of the radius squared. An unnecessary 
increase in the area to be searched can drastically reduce the effectiveness 
of the total search. 

Noting that the increase in the area actually searched by each 
aircraft is a function of both R and R squared, it becomes apparent that 
for a plain search problem the more range the better. An increase of 
just five miles, say from 20 to 25 miles, makes a 56% increase in the 
area covered by one sweep of the radar. 

3.3 Tactical implications. 
While this model enables the calculation of probabilities of 


detection and kill, and the expected numbers of missiles fired by the 
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submarine for specific sets of parameters, this is clearly not the whole 
picture. 

As an example, the selection of the size of the area to be searched 
is quite important. Should the radius of the circle in question be equal 
to the maximum missile travel distance? This author submits that the answer 
to this question is no. Besides this maximum launch range the planner 
should take into account possible range maximums at which the submarine 
might detect the convoy, disposition of the ships in the convoy, estimates 
of the reliability of the enemy missile (if available), possible other 
methods of attacking a detected submarine, among other factors, By 
making national estimates of the above factors the search probability can 
probably be raised, as might be the kill probabilities. 

The “Assured Radar Detection Range” is a key quantity in this model, 
hence a good understanding of how values for it are arrived at is neces-~- 
sary, Many variables are involved. These include sea state, operator 
training and proficiency, proximity of other small non-submarine targets, 
flight altitude, meteorological conditions, and type of radar installed 
in the aircraft. It is stressed that this quantity is the range at 
which the total number of targets missed at lesser ranges equals the 
total number of targets detected at greater ranges. Care should be 
exercised in order to avoid overestimating this parameter. 

3.4 Model extensions to similar situations. 

Two situations that bear directly on this problem were not con- 

sidered in this development due to their necessary introduction of some 


human factors variables. The first is the case where the submarine delays 
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surfacing due to his ECM detecting a search aircraft's radar. The other 
is the case where the submarine surfaces, fires part of his desired 
launch of missiles, and then decides to submerge for the same reason 
enumerated immediately above. Both of these cases are very real possi- 
bilities; and consideration should be given them in the planning phase 
of a search operation. Since the ECM detection range of a radar is 
greater than the detection range on the submarine by the aircraft radar, 
these cases have some interesting ramifications. Among these is the 
calculation of the area covered by electronic emmissions that are of 
such strength as to dissuade the submarine from surfacing for some 
given period of time. This type of situation could delay missile 
launches, hence causing problems in the fire control solution. Also, 
using a random search will cause the suthanaiine to be more cautious, 
even after the present aircraft passes (assuming an ECM detection), 
since the submarine does not know when that aircraft may turn and 
recover some given position, or even another aircraft might pass 
through the same area. Detailed extensions in these areas would be of 
great value, but are beyond the scope of this paper. 

Another obvious extension of this model is to the case of a search 
for a missile launching submarine on station off a Poaat line. Justi- 
fication would be very difficult for the assumption of a uniform distri- 
bution of targets along an entire coast. This problem can be resolved 
by selecting areas with high probabilities of containing submarine 
missile launch stations, and then assuming a uniform distribution of 


targets throughout each individual area. 
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Applications of the basic probability of detection model presented 
can be extended to the search for trawlers, Search and Rescue operations, 
or for any situation that meets the assumptions made in the development 
of the model. When considering targets that are continuously on the 
surface, (X then becomes the total area searched by each aircraft while 
on station. 

Last to be considered is the case of multiple types of aircraft 
involved in the same search. In this case an(X must be calculated for 
each aircraft, based on its parameters. These C's are then summed. 
The probability of detection computations are then straight forward. 
Some problems are encountered in the probability of kill computations. 
There exists the chance that an aircraft with a long range radar might 
detect the target, and there is an aircraft with a shorter range radar 
closer to the target than the detecting aircraft, In this situation 
the possibility of mutual assistance must be considered. The various 
factors involved in equations (23a) and (23b) will also have to be 
weighted for the different types of aircraft. This could be done by 
using the circle and square technique of section 2.4. This latter path 
is necessitated by the possible differing dash speeds of the aircraft 


involved. 
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APPENDIX A 


COMPARISON OF TWO RANDOM SEARCH MODELS 


Another approach to the search phase of this problem is presented 
by B. 0. Koopman. [1 This development will be outlined in this appendix, 
and some interesting comparisons pointed out. 

Three assumptions are made in this development. They are: 

a. The target's position is uniformly distributed in the area to 
be searched. 

b. The observer's path(s) is (are) random in A, in the sense that 
it (they) can be thought of as having its (their) different (not too 
near) portions placed independently of one another in A. 

c. On any portion of path which is small relative to the total 
length of path, but decidedly larger than the range of possible de- 
tection, the observer always detects the target within the lateral 
range R, and never beyond. 

All parenthetical expressions in the foregoing, except for "not too 
near", have been inserted by this author for the purpose of clarifying 
analogies that will be drawn later. 

The model development itself proceeds by dividing the total path 
length (call it L) into m equal segments. The probability of failing 
to detect the submarine, during its entire on surface period, is then 


the product of the detection failure probabilities for each segment. 


X 


P(fail to detect the submarine) = (1.0 - =); (AL) 
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P(detection) = 1.0 - (1.0 - Qe (A2) 
As m increases equation (A2) can be approximated by: 
m OC 
A 


P(detection) = 1.0- e (A3) 


for large m. It is immediately noted that equation (A3) is precisely the 
result obtained in the previous formulation of the problem. 

It would seem intuitively appealing to let the number of segments m, 
be equal to N, the number of search aircraft in the problem. The desire 
being to tie m, in some simple manner, to some parameter in the previous 
formulation. One also desires that the turns necessary for each indi- 
vidual aircraft be kept to a minimum so that the probability of de- 
tection on each leg is as close to ((/A as possible. 

A problem arises with assumption is when large (40 mile plus) 
radar detection ranges are used. For example, if the submarine is on 
the surface for 20 minutes, and the aircraft flies 50 miles during this 
time, it is clear that assumption (c) is not fulfilled. 

A comparison between the results of the exponential and equation 
(A2) formulations was made using a digital computer for the computations. 
A selected portion of these results is displayed as Table Al. 

A few words of explanation about the selection of the particular 
values presented in Table Al follow. Many combinations of parameters 
were run through the computer, from which the results presented in the 
table are representative, It was discovered that all parameter combinations 


yielded the same general trends, which can be noted from the entries in 
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TABLE 1A 
Constant Parameters: 
6 = 1.0 vs = 150 knots Tl = T2 = 5.0 minutes n = 4 missiles 
All areas are circles with radii = 50 (50) 200 miles 


First row is exponential result. Second row is 1 - (1 - Hye result. 


mG 





l 2 3 4 S 6 7 8 9 10 
A = 7850 square miles 


10 : ° ° ° : , ° 138 796 .813 
. 769 . 808 . 840 


20 


30 


50 week CX /A > 1.0 





A = 31,400 square miles 


-154 .189 
-157 .193 


.340 .405 
JO eaee 


.524 .605 


.560 .642 


.683 .762 
-742 .816 


. 806 
.878 
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TABLE 1A (Con't) 


bye 1 2 3 4 5 6 7 8 9 10 


.037 054 
.037 .055 


. 088 .129 
.090 . 132 


152 .219 
.158 .228 


.226 .318 
-239 .336 


. 305 421 
-331 8 .453 


. 387 521 
-430 570 


A = 125,600 square miles 
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the table. Where no entry appears in the table, that particular situ- 
ation was considered to be tactically uninteresting. This event occurred 
when the total area searched by all aircraft was considerably larger than 
the total area to be searched. In all cases though, at least the values 
for N equal one are given. 

Three definite trends are evident from the tabled results. 

a. Given A and N fixed, the P(D)'s differ by greater and greater 
amounts as R is increased. 

b. If R and WN are fixed, the difference in the P(D)'s decreases 
as A increases. 

c. Varying A and R will produce convergence, divergence, or some 
combination of the two for the range of N that is tactically interesting. 
It should be kept in mind that the differences referred to above are 
Bdte dal che two different methods of formulating the problem. 

Next some of the causes for these trends are explored. In the 
process a metric will be developed for when to use which form of the 
P(D) equation. 

The reason behind trend (a) is related to assumption (c). Note 
that as R increases this assumption fits the actual situation less and 
less. In fact, rather than the high probability of a straight course 
that is desired for each aircraft, as R increases the probability that 
an aircraft will have to turn increases, A study of Figure (1) illus- 
trates this point. 

| Trend (b) can also be explained by the lessened probability of turn 


for each aircraft as A increases. When an aircraft turns there must be 
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some overlap (i. e., less total area searched), hence the probability 
of detection on each non straight leg is less than CV/A. 

The convergence/divergence problem in trend (c) is a function of 
the relative sizes of (X/A and N. The major point to note is that in 
no case, hens tier ite the range of N that is tactically feasible, is a 
clear cut case of close convergence established. 

From all of the foregoing two important points should be retained. 
First, each time assumption (c) fails to hold a lesser probability of 
detection is implied. Secondly, the exponential formulation always 
provides this lesser probability. In the case of large A and rela- 
tively small N (i.e., turns by each individual aircraft are less 
likely), the agreement between the two formulations is very close. 

All of the above points to the exponential formulation for proba- 
bility of detection calculations. It is to be noted that the two 
developments ended up in essentially the same place, but that the 
latter method deviates somewhat from its assumptions, thus making the 


method somewhat questionable. 
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APPENDIX B 


SAMPLE RESULTS 
Selected results using randomly picked parameter values are 


presented. The first eight pages contain the results of P(D) 


calculations, and the latter pages give P(X) and E(X) results. 


35 





DETECTION 


PROBABILITY 


-O MIN. 


E 
S 
i) 


10 


Wd 

oS TGs) 
Nao 
II 
eats] 
ce 
Cie Ba 
<= 
ryan 

Od 

Paste 


OVOA0V0 
1 @) 


™-OQDOOO 
[~ 


MOOOOO 
~~ 


oOFTOOOO 
om 


N-O0O00 
OO 


OMOOOO 
Wc 


DOODOOO 
JO 


RONnOOO 
hh 


DM OMOOO 
ONLY 


WINN OC 
em™ MUO ORD 


OVOO0Y 


OOOO0O0O 
m= NN SW O 


MILES 
~O MIN. 


RE 
eS 
10 


1850 _ SQUA 
Y 745 KNO 
ete ee 


EA 
Sue 
FIRST 


AR 
VE 
E 


1C 


(LJ 
WO 
~ ao 
<I<l 

Ce ty 
ey od 
[a eit 

I= 

“C~ 
Oct 
Po 


36 


OWOVOI0O 
08) 


MOOOGSo 
oe) 


COO000 
— 


tOQDOOO 
moO 


OATFOOOO 
oo 


NOOV0VO 
Om 


TANOOOO 
Ww 


STNOOO 
an a Od 


Newer OOO 
NO 0) 


TOR OAIN de 
m= IV) UNM COO’ 


OVUVO0OO 


OOodo09O0 
m= NM TINO 


10 


LL) 
WO 
~~ oo 
1 = So) 

mM Ww 
CC 
Owe 

<aI= 
oC} ww 
Oat 
P= a 


TOOU000 
oO 


COO0o0O0 


92 


QOORIO0900 
ce 


~earoQO0Oo 
oot oy 


NOOO0OO 
QO 


OOOO0O 
Davo Sipe 


e. 6¢ 


OMOOO0O 
OO 


MOOOOO 
Wwyco oO 


AMRHOOO 
J RCO 


WI CORO OL 
OSI] J SOQ0d0 OV 


OOVOOO 


OQodO0O 
— OM) tTMO 





x toi 7% 








a 


DETECTION 


OF 


PROBABILTIY 


IN. 


f 
4 


R 
4 


Cis ©) 


WNW 
CC 


© 
Weyvereu) 
Oor7 


Oe) 
OTN 


MIN. 


TIME 


— ee mm pS 


© OQOgoeacqg 
= ‘On 
e 
DMWOOoO0OO 
oO a) 
6 
TSTOVVDOO 
OD 28) 
e 
ODDODOOD 
ad ao 
ee 
Woogddo 
O = OS 
® © 
AMOOVOO 
Ww oOo 
ef 
OROOOO 
Sy OM 
ee 
OO +t+OOO 
™) ian OY 
ee 8 @ 
™ODOOO 
NS nel exe @) 
ee 8 
mm Ym LYON 
= MN TtOR-OM 
eeeeee@ 
cc OOO000 
WOO 
No 
IW 
Swoooqo°odoa 
Le Om ONIN UO 
CD OS wee 
ef) w= 
Oct 
= oe 


MIN. 


10 


Oz ao} 
Ofw 


MILES 
eG MIN. 


LIM © 
(06 a 
IM 

a UW 
Iu I 


LnWNY 
ONVY) 
LN] 


> 
fo fm 
mt) 


cM 
el BY ra | ia 
MZitu 

I>W 


ead 
“TLL mene 
WOWth 


a 
Ws be 
MO 


TIME 


Bw] 
WD 
“a 
a<WY 

Yu 
oT | 
O OL em 

I= 

eC) 
Oat 


Fis 3 6: 


37 


SOOVOO 
oO 


NOOOOO 
oO 


nROOVO0O0O 
108) 


ORODOO 
ao 


—DOdO0O 


MWOOOdOO 
fh O 


r-NOOOO 
OO 


hNOOOO 
NGO 


© @ e 


IMNOODO 
=r h-@ 


Sth OO OW 
WN astOcma oO 


OOOVO0OO 


OOO0O00 
m= ANNI AT UNO 


ke 


Lu 
OW 


“Sa 


AaA<=n" 
Or LW 
Ue od 
8 J ei | — 
I= 
eC) we 
Oa 
a= 


MNOUOOOO 
oO ’ 


DOODOO 
Oo. 


hOOQV0EO 
Oo 


MOOOOO 
OO 
o 6 
re 


NOOOOO 
OO 

e ®@ 

=~ 


WRMOOOO 
coo 
e¢ @ 


NDOOOO 
ao 


Natnooo 
™Oo 


Mm IINOVOD 
1G OF 


TOCOUND 
NIOR- COO 


OUGQII0 


QOOV0000 
mA ATU 





DETECTION 


PROBABILTIY 


OZ J 
OxrwN 


He 


tu 
OO 
Se 
aay 

a 
5 
Ore 

I= 
eC) ~ 
O<«a 


Zoe 


MTTOOO 
N~O CO 


HO OOO 
Ny) OC) 


DOOrm OOO 
NLS 


Am NOOO 
ALAM 0 


CJOMAIOO 
NtO® 


DOODOOO 
m= FOr 


LINMAIM OO 
mM O CO 


ee © @ @ 


MOAI OO 
Ny =O) 


eeeee*® 


COM re NIU): O 
Ore) lOO 


stO~mumna 
Om mM = 


OVOOOV0O 


ODO0O00O 
mm ONIM) nso 


1c 


ity 


LL 
LOD 
Nao 
<I 1A) 

Of tu 
Uae 
EB fo 0] 

T= 

ewe 
Oc 
me 


38 


QOORM OOO 
MOCO 


MA TODO 
My OOD 


Neer OOO 
NYO 


COOKDOO 
CILIM OD 


NOPrWMOO 
QIU CO 


Nat tooo 
ANON 


MOP OAIMO 
mm WU Mh CO 


tO OrmMnN) 
rm TO STOR 


Qo Fh ONO 
ONM tO 


LU em OB SOL) 


Orr AU at 


OOVU0900 


ODOOOO 
mm ANIM FS UNO 


10 


uid 
OW 
~~ 
aay 
OW 
Ue 
Og 
I= 
“~~ 
Oct 
a% 


m=UOTOOO 
UY OO O 


fe rhNOO®D 
ah OO 


TMHOOY 
at h& 


MOMNSFOO 
NYOOGS 


WAI en~ OD 
NOaMO 


Ova OO 
NSU 


WMOMORWO 
Nat OCW 


AO OOr OO 
am spuyh CO 


NICIA) Oh he 
em NN TLIO 


®@e@ @ @ @ 


Ph UD ST NYO 
Orn ty) 


OVVOOO 


COOdO90O 
m= NN) uO 








OF DETECTICN 


PROBABILTIY 


lc 


uJ 
2 
Nao 
S- Gh @ Fa) 

je i BE 
La) 
Ota 

I= 
ont 
Oat 
Pea 


JTFTOOOO 
ath Oo 


m—ODOOQO 
at f-& 


he ONOOO 
M~OAd 


MOCO 
MOCO O 


AONMOM 
(NUR 


WN AiWO © 
CjFOwd 


mN ee NOOO 
Naor oa 


OMOWNP-O 
mM OR-CO 


m Sh ONN 
rm INDO 


OMI ODE 
Om Ain st 


OOVUVOIOO 


OOOD00O 
m= NM TY O 


ff IN e 


10 


Los tad tad 


O~eM 


Ms a 


in} 


CI 


LU 
Oe 
Sa 
<<IW 

oe 1 
fe | 
Coa— 

I= 

eC) ~~ 
Oat 
a 


39 


OdM1O0O°O 
w00 OY 


hom OOO 
ath O 


MICINUOO®ad 
= f-C) 


AMmMINTFO]O 
O00 UY 


SOI OO 
NOC OY 


OWTOOO 
(ILO SOS 


th-0ORO 
Nat OaWw 


NOW OO 
NILA GOOD 


NDS ANN SO 
mm NAS LNOR- 


MISMO OI 
oe CN 


OQUOOO 


ODOOO00 
mm NN) UNO 


Males 
oO ENS 


E 
S 
G 


10 


Nw) 


Lid 
OO 
“2. 
Tain 

ome; 
LL 
elea 

<= 
eC) a 
Ox 
a 


WMOUOOO 
OO Or 


= OrQooe 
OOO 


hS-ITNOOO 
WO OY 


MNOMOOO 
INCA OC 


miro oe 
TM OO 


m= KONO O 
zTowoo 


TOORAWO. 
MOMmOD 


-OODOOs 
MIU SOQ 0 O 


OR QO R ID 
m™ MUO TM OC 


Omrme Ae 
m™ IM) uO 


OVVUVOO 


OOO000O 
=~ NMTNO 








DETECTION 


OF 


PROBABILTIY 


MIN. 
10 


CY = 


hs SOON IY IC 
r= NUTS OD) 


eee? *e 


LAMIN MOS 
ON = MID OM 


TFTODMOO 
© mM at OM 


ee @© & 6 


NEM OANA 
_ mm] TU 


OASAAN OS 
@] = AINJW OF 


POM AO 
ve) MAO tim 


he OOrA 
+ Oe N tO 


WNIT QIN 
nm OenNnino sw 


© e@8e% @ 


IRaNNDO 
GN OOM NN 


Nt aes om 
co OOO real 


i) OOOOCOO 


tl 
CoC) 
Nae 
A<IW/ 
CWOODdO0O0O 
LL ISU O 
Oot 
<= 
e.)~ 
Oat 
a 


MILES 
~O MIN. 


E 
S 
0 


1c 


LJ 
WO 

So 
aI” 
pees SL 


A—OINODO 
em J ~O fh O 


BOM ONTOS 
ee NA Bh OD 


O TAILS OO 
m=O OM 


atm pe AS 
mW) =f SOR OO 


OU Sah OO 
f= N tN 


ON Oni) 
m= OPIN -OR- 


OAM TW 
OrM TNO 


Ost 
OmNN) + 
eeee8 © @ 


TOF aM 
Omen NN =F 


INU ON CON) 
QOOerKO] 


eeesees °® 


OVdOOUO 


OOCO00O 


Le JNM TNO 


OO = 
I= 
eC) ww 

Oat 

am 


40 


MILES 
MIN. 


20 


KC 


UJ 
J 
ae 
IY) 
OL 
Ce) 
Own 
Iz 
aa 
O< 
a. 


hh Nes N©O 
ILA ha OF 


WN COM OKSO 
NTO 


NWN TONOO OS 
N TOoM dO 


DOKRNGIO 
Notun co 


MmUNIN OM 2 
mo NID OR- OO 


MOOD O 
mwas 


NW Dem 96) 
m= NM OR 


OAM sO 


OSTNOANMD 
Oe NMS) 


VS Reh COO 
OOrnr ie) 


OVOOVO 


OOOO00 
m= NIN) oO 





OF DETECTICN 


PROBABILTIY 


MILES 
OO MIN. 


ONY 


O MUDAN ION OO 
gon (Na <OMO 
* eee e@ 
maim YOO 
Ov (IT OR-CO 
ee &® @ @ 
WO Oe NNO 
a PRIA RO 
ee © @® e@ @ 
OFA O Or 
fits rm NA ORO 
e®@e8e@ @ @ @ 
tOOrRrMA 
© rN) = OR-O 
ee¢ @ 8 
MNO OC TOO 
uy rm ON) atu) SOR 
eoee¢e8e ¢ @ 
Orn TF OOd 
Sy rm ONY ap uy 
®©eeeee@ 
ed beded eele® 
Nn Ore AMT 
ee @ ee @ 
Dem OMI SF 
N Orem QIN =T 
e® 6©@©@0@ @ @ @ 
NIVOOTON 
- OOrnNA A 
e®e%*¢ee®e 
QQ OVOOUO00O 
WOM 
Sa 
IAIN 
MUIOdOOOO 
Ue dO tT iO 
Goe= 
ryear 
Oat 
ee 


10 


LLJ 
IO) 


Pr-O eC) 
NIM CO Or 


ew OnOoO 
Nzrocjda 


WIMOWN ONO © 
WJ sOr 0 


oe @© @ @ 


Om mn AO 
m MINN COO 


Dh LOT LOIN WY 
em NOLO ROO 


STONROO 
mit) a uh © 


NNO mAR AN 
m= NINO, 


NOOmRAICT 
Ore tino 


eeee¢e 


ON = OO 
Or QIN + 


NI Perm OCU 
OOrreAIC 


eo ¢@ @ @ @ 


OVOQRWOO 


NS Oo < 


a1 
O40) 
i oe 
a 5 
= 
oh 
O<a 
Pua eB 


41 


COOO00O0O 
mA) Su) 


TIMG@HG FIRE E 


10 


LJ 
(35 
Nao 
II 

CL wd 
LL po | 
oc 

Ta 

00.) ~e 
Oa 
ee 


= Sp ee 
M50 OVO 


TODOAWO 
POOR 


mm OTN © 
MOU O 


Or Or OW) 
MIWOO OO 


WION} OOO 
GN at som 00 OY 


mOrOOr 
N stunk Oc 


MM tS OAIM a 
r=) at WOM 


Nh Ae ae 
mm OUD ON 


OD COdd-O 
Orr NM FWN 


Ly OU r= CO ot 
Oem ANY 


OOVUNOO 


COO9C0e 
mm ONIN TLIO 





OF DETECTION 


PROBABILTILY 


10 


wn) 


LW 
OOo 
No 
aan 

om Lu 
|. 
Oc. = 

I= 

«Cj 
Oat 
Pola @ Le 


ON Me Ft 
FONT OR 


OOS O- 
OCI) FOr 


CO Fm VL I~O 
Orr MF WO 


P= he Dm rm 
Or NM O 


o®@e@e¢ ¢@¢@6@6hU6@ 


O st =F UIWNO 
OnrNM awh 


WMNOOO® 
Ore OY TT At 


tOMmUIININ 
Orr NM +> 


NIR= NYO O 
OO wee NN) 


oe@e8¢ 6 @ 


NID B09 Ft 
OO Oe er N 


me MW) at fh ON) 
Oooonr 


OOO00OO 
mAIND ST UNO 


MIO 


. diy ® 


PIAA) 
CY mt 
5 
CEG LL) 
SZ oJ 
pa 
aan «oF a) 
Od Y 


pole] 


10.0 MIN. 


UAE MPEES 


ars 
= 


Ox J 


MIN. 
10 


i 


Lid 
OO 
Ne 
Idan 

om iW 
Ld 
Oma 

a= 

el) 
Oat 
ae 


42 


mil) © of he fh 
=O TNO 


CON) he em) ot 
mV KR 


Crrm ot fh OO 
OOM Stuy 


ORON +t 
Orem FiO 


h-OM COON 
Oe NMOS 


DO TFMAINN 
Orem NN ar) 


LN wae OF Pe DO) 
O mr QUO st 


tote Oo 
COP’NAIM 
®©ege0 @ @ @ 


NOOWOO 
OOrH NN 


em NUE CO ©) sf 
Soqoooer- 


OdOVUVUOO 


OODNDOO 
om NTO SF UN~O 


10 


if) 


uJ 
SB Fela 
NZ 
a <TWY 

C4 Ug 
Lo ae 
© 07 

ix 
yen 
Qa 
ce 


OMmO TST 
rm MILNOR- 


Dom QO 
mM st OM 


NICALNOMm Rh 
em STW Pp 


NWOrmAN 
m= AINILO SO 


ON tO hy 
em AINDSUIO 


YOROOO 
Ore ay tno 


mW SMI AI 
Om NY TW 


WIN OWDO a A 
O mr CIN) st 


SOMO ST — 
OOM NN 


Nath Orne 
OO0Onrfn.-m 


VOOO0S 


OVOWO00O 
mA TU ~O 





OF DETECTICN 


PROBABILTIY 


NCS St CO e=e) 
w= ON ST UE 0D 


IC 


(YO em Wh 
oO min Or 


mm Th CONN) 
ee) m=O AOR 


Orn FOO 
Das m= AIM) uno 


COM Ome AIN 
~O Or) tuo 


P= OU O OW 
ify OeNig su) 


OM ee O OOD 
Bon Oem angina 


tO ON r= © 
nm r= CAIN 


WIR O NICO 
GN OO cer ain 


rei 0 NILA 


oe @ @ @ @ 


>) UODOOVUO 


uJ 
Wi) 
Ze 
aM 
CUIDOOOODO 
We ee NIN TINO 
Onwm 
<= 
© C.) ewe 
Ox 
Pal © a 


IN. 


4 


4 
j 


ZaAae 


YN 
CY. = 
©” 
UJ tts 
Eye =) 
— <i 
ann 
OAWY 
NS 


WD 

WY) J 
oOo < 
Aa. 
sO 


Ink 
CLL meme 
pre | ee 
<I nee ) 
Uj) <I 
AW) 
aug t o 
oot) 


COW iu 


PC 


td 
WO 
Sa 
IY) 

mud 
Ud 


OMENS LUNN 
—N Om 


MON Ae © 
em i OT) rit) f- CO 


MIM ONLI sO 
mNTOOR 


mSTOONN 
mm CUNT SO fh 


Or neynin oo 
a OIN) = uO 


05 UO OC O 
Oem NIG LUNA 


MLO st NIA 
Or NM 


WIr=COO +0 
OmraAmM st 


NINO '¥ ICO TO 
OOK Ayn 


ON Aad MY ITO 
OODVWO-s 


OVOIOVOQ 


OODO000O 
mAIN) LNs 


1C 


ty 


Lu 
WO 
a ae 
Iavy) 

Oe tu 
Oe? eee 
oO = 

dS 

eC) ~~ 
Oct 
<a 


Myers stUO 
NI at sO 00 O% 


oo © @ @ @ @ 


mK Om-w 
Ni ot UB 00 OD 


eee @ @ @ 


ORMOND 
MLA OK OD 


MICO Alo 
om NOM &) 


ee e@ @hc hl 


LN OVIN)O Ou 
— NATO 


eoe@ 8 @h6tmUlUM 


WNL OC Od 
em AIIM WF OW 


Or HON 
mM) sino 


COW WMM AIO 
ORF NM TWH 


eo e@e¢ 6 e@ ef 


(Kem = =T em pho 
Or = CIM) 


MOON he 
QOO0-RK—A 


OVOIO0U 


ODd0O000O 
m AIM ius 











& 
- = 
6 
¢ 
| -~ > 
- 2 
- Ss : a 
-_ 
- 
= ® @& 
- . 
—_,_, -_— = = 
a - 
li - 
e 
a 
=~ 
= —, - 








Peet PRED 


X 


Veer ON ml Sok ie NUMBER 


OF 


PROBABILITY 


= 145 KTS. 
rien eNCiieeAO D1 T 


mo 7s 


many 4 
a) it 
vo 
C) tu) 
CS) a net 
LICR 
JIA) 


MOR 


C2 


Nw) 


. 


C5] 
Sa 


rm SY) 


Ot Uy 


ue 


cee 


<x ae 


_~ 
2 


Ot 
Pag 8 


hs>QOON2 
nm) 


TOOOSO2VO 
a) 


opel, JD [DY GB 
it) 


OOOOOoO 


NN) 


WAOoT®d 
MN\INY 


WNODOOO 
MN) 
e® ¢@ 


(SG pd Si 2 ST ep | PF 


m™N 


SVKNINO@ Orm 
rn Or 
e@ 8 « 


CO ONMIOOO 
_——~— 
eee 


UT} ON CG Mh wf) 
OOODO0O0 


eeeee#e 


OOUDOO 


QoOOCOQ 
ma ONY tn 


ie 


oe 


ae) 


MNOOOCO 
uw 


WOOOAG6 


INOOOVUOD 
ot 


mNIOODO 
Pa gh © 


Ph=AROODO 
MO 


eo ¢ 


Ohne OO 
key 


=U Co® 
Ni 


AAV NOQD 
wa) 


LARK LOI UO 
Lert i ies g 
e @ @ 


CO CI Cr AG ON 
OmCUA Ale 


OUOOWIOO 


I ee Sy aN ae | ay 
oe ere yo 


1c 


st ee 


MAY 


og ool 


ta ae 


Owe 


<— te 


Tare 
Ox 
oe 


MOOGUWOO 
oO 


AHOOOOO 
Fe) 


OSOOC9B9O 
Ww 


N-ODOO 
LT 


MOOOOO 
JO 


m™ FTOOOCO 
Sra 


WMBOOOO 
elie) 


® 


CONOOO 
CILISO 


OAMNOOD 
ORY) 


ee lM S Fh 
me (NIM) oF oP) 


OOVVUOO0 


CO0O000 
mm OM) oF UNO 





TC 


oN 
Le 


ad 
~ 
on OG GT a) 
YJ 
| i 4 Rs 
OMn-, 
<x << 
ef 

Ot 

ales 


—OO000 


OOO900OG 
“Oo 


TOOOOOD 
Oo 
° 


O09000 
ON 


(g Exeeyrore 
Wnt 


PROODOVO 
aN 
oe 6 


NNAOOO® 
ao 


ah OU0O 
NU SO 
e @¢ 6 


MUWIOOOOCG 
Naw 


MIM AMD OO 
mo ONIN) Se 


VOOU00O 


COO0O00O 
m NN TWO 


eee 


oS 


° 
f 
= 


Poss 


Gi 


NUMEER 


eee TED 


45 


10 


uy 


OJ 


Uy 
Ow 
<< 
WIN 

id 


Car 

<P 

yaar 
Cx 
ee 


- OO000 


ayers 


NOOO0O 
© 


-OOO0CO 


EOS 


O~-O000 
Ow} 
mit) 
e 6 


Cj 


NOOO DOO 
Yok © 
NSO 
e 6 
TaN honed 


MmMAOODOW 
uO 
uy CO 
a © 
Cle 


COMOQAOAGO 
_—— 
f- © 

e @ 


OLN 


MWOOCOO 
iLO GC 
aT NTS), 
e 2% @ 


NOAe 


COW OOO 
—_— Or 
NUNN) 

eo @ @ 


Pel CuCN 


Seis 
a a ey Cae eT te 
WOAICOM OM 
eo Fr 8@ @ @ 6 


MUNIENON ONION 


Boe sind om on ew ee 


DeCcCeaoo 
mI ATLA O 





aa Gad B 


1S 


BEFORE MISSILE NUMBER X 


so Glee 


PROBABILITY OF 


RADAR SE 
KTS. 
EACH ADDIT 


Y = 145 
O FIRE 


ii 
T 


WOU 

as 
~_/ = 
Uk 


MWY 


md ond 


tcc s 
ae ae 


4 fend 


(oe 
<f 
= O 


~UO 
Muy 
eee 1) 
> 
Oa. uJ 
af 
(J) © hms 
WICIWY 
ww SI) 
| I 
NMOS 
AS 
—) — 
ah Y 


LL am 
1b 


ce OU 
LU<I oy 
OC LL} mm 
en feg |B 
mm 5 6 
ae Ne 2) 
ed 
at 
Iomu 
pe 
CT) LL ome 
pr 


< 


WO 
~<a 


mao<ly) 


Wu oy 


Scr 


S <= 


© CO) now 
ao 


NOOOO00 
ur) 


DOOOO0O°O 
ea 


WOoOOOOO 
=; 


mHMOOOO- 


TO 


eOOOOO 
muy 


NWOOVO 
Salta) 


MmAOOOO 
(Not 


mNALNOOO 
Nay 


'N—tNOdoo 
mel AG is 


MO Q9 OV BOOS 
Or NNN 


OOOV00O 


Ooc0o0oe 
r= ON) SLI OO 


TC 


WO 


“oo 


Ian 


WO ed 


Or 


<x <= 


46 


ear 
Od 
Pal fi 


NIOVOOOO 
. @) 


COOOO00 
va) 


WOOO 0O 
Va) 


Nee OOOO 


-OOOOO2 
tO 


rm FTOOUOO 
=t-O 


MOOOOCO 
‘alta 


DOONCOO 
ota @) 


ODNOOO 
ONT AT Ye) 


en Sot he OD 
aed OE me iw ol b 


eeeree 


QOQOVOO0O VY 


OOooo0oo 
mm ONIN) ST LUASO 


1c 


QO 
— 


DOOOO00 
O 


TOOVOO 
Oo 


OWOOO0OO 
©) Ps 


LOTOVOOO 
ut) fh 


OOVO0OY 
oth 


NWOOOO 
ao 


Th. OOO 
NSO 


Val¥ ma leOl @ 1a Tap) 
Naw) 


NIM O OO 
mm AJIND ST UY~O 


WYOOVOO 


OOCO900 
rm™ NN) TUN O 








ie 


Ww 
(90) 
Nao 

JI IY 
mx Lil 
Po 
Oa 
<x SS 
ow 
oat 


= 
bes 


-ODOO@ 
he 


TOOoo°O 
nN 


reOO000 
i 


hmSOOOO0O 
OC) 


NDBOODOO 
Of 


e. 6©°@ 


ONODOO 
‘el 


Or-OO00O 


—- 


— 
e.6°¢ 


OMNODO 
JOM 
ecoe 


Ore 3 OOO 
(NLA SO 


o © @ 


Se oe 
mM) TIO ONO 


ee @e@e@eee é 


CIIOUO0O 


OOo0O0O00O 
m= NTO FU SO 


bl Ru 


MISSILES 


OF 


NUMBER 


EAPECTED 


47 


10 


OO 

SZ 

Iain 
eeu 


CO a 
Ia 
eC) ~~ 

MO<t 

aCe 


DOVUOQ0OO 


INMUIaIOO 
=i) 
Ns 
ee 
N a 


—OOoOG® 
hf 
ren 
e @ 


lite 


OMmOOO® 
f~ CO ot 
hh 

ee @ 
Wer 


CITADOVUO 
wm JO 
— MICO 

eo ¢ @ 


NN 


0 Dime pd © Oe Loess or ap ee 
Jee NINO VCO 
WOW AI eo = 
eeesete @ 


MNIONNONA 


as ans aw sarees me a 


OODVDO 
AIM PUNO 





FIREC 


iS 


X 


Per Once Miss lEE mUN BER 


mn tete 


OF 


PROBABILITY 


145 KTS. 
IRE EACH ACCIT 


aes 


1c 


OO 
eo 


eI IY) 


Ok 


nu oY 


ocr 


<< as 


eC) ~~ 
a CL 


SOOQO0OO 
Ww 


DOOOOO 
=F 


NMOOOWOO 
mJ 


-MOOOO 
tO 


rAOOOO 
muy 


NWWIOOOO 
MW 


OOOOO 
NS 


mOALONOOO 
NSW 


MeRiNOO® 
— Nt 


COD ASAIO 
Or NAINA 


OdOV000 
rm NM) TU SO 


10 


NaAtwr 
OY Lu 
Hie 
CO OF wm 
x A= 
oe) 


Ele 
48 


mm OOOO0O 


COOQ0ooo 
Oo 


SOO00°O 
Oo 


DOO000. 


Or 


MtOOOO 
wh 


COO0ddOoO 
as 


NNOOOO 
to 


thrPOOO 
IN SO 
® @ @ 


WUNaooo 
Nast 
ee @ 


NIM NOOO 
Pm ONT SIG 


OOVOOO 


OOoOoo0O® 
eM IAT UNO 


Le 


NOWOOO 
@ 


HOOOOO 
= 


OOQMVO9OO 


SMOOOO 
aes) 


UNOOOO 
Oa 


NKOOODO 
ON 


tMOOOOS. 
Wh 


MOoooo 
=a OP 
e¢ @ 


MOMOOO 
Muyo 


COW) OO CD ft 
em NT TLIO SO 


VUOVWOVU00 


Oooo0oo 
mm NPO TU 








1C 


CN 


MDOO000 
0O 


OOOOSSO 
c) 


TOUNOOOCO 
@& 


~-—h-OO0OFO 
Le olee) 


O0OOO0OO 
oat 70) 


—NOOOO 
NO 
e. 6.3 


tNOOOO 


TOm-ooo 
WhO 
eee 


mTNOVOO 
tof 


POND OW OM 
Natur hy 


eee eee 


OVOO00 


OOO000O 
mA NM SUIO 


FIRED 


PISSILES 


OF 


NUMBER 


EXPECTED 


49 


10 


NJ 


—OOQ0O 
-6(@) 
De 


~~ NOOOO 
In) 
on N 

t e 


Ci 


—OAIOOO 
OOr 
SUIS 


Qj" 


AMOODOO 
OMT 
COown 

ee © 


OA 


MOON run 
PeR MRR 
MMANOMd 


NMYNN A ee em 


Aaa T ot 


OO00O00O 
FNM tu 





ES ee esese 


XK 


BEFORE MISSILE NUMBER 


ny eal 


OF 


PROBABILITY 


RADAR SE 


10 


NOVDOCOO 
fess 3 


NMNooooo 
Boo 


NOOOOY 
at 


MOFOQOOO 
MO 


FTOOOOOD 
MO 


OWOO0 O 
MWh 
e @ 


NAOOOO 
N + , 


Neh OOO 
em TU) 


MK OOO 
mM TST 


hh KOI OS 
Or NANNA 


OVWVUOO VU 


OO0O000 
m NN) TWO 


MI 


Oo 
N2Z- 


Naan 


> See 


ote 


x d= 


50 


“Om 
Oc 
< 


OVOODIOCO 
. @) 


MOOOOo 
0 


NOOOVUO 


Ww) 
“ 


NO20000 
La 


OMOOAOO 


SRNOOOO 
a) 


reMOOO0O 
MO 


Orcwooo 
NIL) MO 


Mm=OYOOOOD 
Nsw 


mi 1} AO x 
mm ON) ST UNO 


OOO0O00 
m™OSNY UNO 


1G 


Oo 


- 


NZn 


main 


wo 


Oe = 


<x a= 


© C,) 
Fai {ee 


MmSOQOOOO0 
— 


+tOooooo 
hs 


“—QV000 
~~ 


OMOOOO 
OM 


mem OOOO 
Oleg) 


MOOOUO 
Yar 


Onoagogoo 
=k 


Otnoood 
N) Oh 


Om CSOOO 
NWO 


LIQ Sih 3+ OV 
ee NM TL ~OO 


OOVUMOO0O 


OO0Q000 
m™ OIND TUIO 





1C 


iw) 


ud 
CIO 


rian 


or Li 
ibe SS 
Own 


x dae 


ewe 
< OG 


STOOO0O 
©O 


(WOOO°oo 
oo) 


NAOOVUO0OS 


NM OOOO 
rc) 


ODO0OO2O 
hi 


TSMOOVMO 
OO 
eo 


ODOOOO 
LOM 


h-Nee OOS 
ath 


NAMOOD 
MU 


OMANMOs 
NINO 


OOVUO0OO 


OO0O0900 
m= NIN) ST UINSO 


NUMGER geGr = MISSILES FIREL 


Ee EG TED 


3) 


10 


Oo 
a 


NIYOGHOWOO 
ae) 
NS 


6 
—_ 


TOOOOO 
ve) 
nN 


6 
a 


MOOOOO 
Ov 
+t 


t 
re 


ONIAOOOE 
Velen 
00D 
ee 
r= 


M-AODOO 
oO 
COO” 


NMOOQOOO 
Nat 
Or 

ee 


oN Fd 


hOOCOO 
Isso 
NMG “ 

e 


ON Loum 


NOMOOO 
Cc) 
OO 

e 6 @® 
N= 


INMOOADYS 
(OO 
Ore) 

e 8 @ 


NAS 


Oa a )oOe 
Bh AIIM) 
STOMmOoOr 


® @ @ @ 6 @ 


on em ee ws en ee 


ODdVW000O0 
we AIRY TLIO 





X IS FIREC 


MISSILE NUMBER 


KILL BEFORE 


Wiis 


PROBABILITY 


RADAR SE 
CH ACCIT 


ian ae 
RE EA 


= OC LL 


0 


1C 


DOVOOO © 
O -_— 
al 
MmOdDOOO 
e) oO 
e 
COOVIWOO 
Ww ee) 
6 
NOOOOO 
Toye 
o 6 
OMOOOO 
Ww @) 
6 6 iS 
STHAHOOUO 
to Va) 
® @ 
—r-MmOODOO 
MO eal 
® 6 
OsrmMmooo 
nN ~O ie) 
®@ 6 
m= AJWOOD 
Narw GN 
6 @ 6 
m= CO OO aT 
oe COIN ot WO — 
®@e@e80e¢ @ 
OOOVU00 © 
Li 
WO 
Nao 
NIdy 
CH ud 
OOOQ00O (eS 
P= ON) SUI Ca 
x WAS 
eC) = 
Oct 
<= 


By 


sOOO0OO 
h 


trOOo000O 
— 


mm OOOOO 
hm 


OMOOOO 
O03 


ee 


m= OO0O0 


WMNMMAOVU0O0O 
Veta 


ONOGOCO 
ah 


6 668 o 


OstmOooO 
Mom 


Ur OOOO 
NWG 


Wm Nh 3 CN 
rm at INO SO 


OVOOVUO 


OO0O00°0 
rm ONIN) TO 


10 


TUOOVO 
G) 


NOOOCOO 
co 


COOOO0O 
th 


MMmOOOO 
f= G 


OOQDO0OO 
MO 


AMOOOO 
sO 05 


oCaoOOOO 
wit 


hN—- OOO 
ath 


LNEMOOO 
NOLO 


eo ¢ @ 


OCIS Sf 
mT) OM 


OUGO0O0O 





Wy 


OU 
“Neo 
+l) 
fect, EB 
istic oJ 
Ocwkre 
x as 
© (we 


<< 


DPOOOOO 
XD ? 


Mm>OQOOG 
ee) 


NOONI0O 
c 


—-AOO900O 
Com 


M™nAOOOO 
h 


mM OOOO 


+ t+OOOO 
Oo 


wh-tOOO 
WhO 


OMNMOOO 
+Tor 


NON) COCO sk 
Nation 


OOOOUN 


OCOMV00°0 
eM SWIO 


FIREC 


ULeeehis Shes 


NUMBER 


EXPECTED 


53 


10 


a G2 
Ne 
aI<wn 
Oe UW 
Ue ae | 
COM a 
eC) ~~ 
O<t 
<7 


NMIOODOO 


MNOOO® 
no 
at 
e 8 
rf 


MINOOOO 
LIN} 
sO 
ee 
= 


hrNOOOCO 
aN 
OO 
e° 
—— 


MMNOOO 
ONE 
NINO 

eee 


Qe 


INK OOO 
WICO 
fh GaN] 
eo 68 66 
Alem e- 


Or ORCL i) 
CONDOM NYO 
MOO OM = 


MANN 


Boa pl iim gis pes gi 5 


ODdOO00O 
m™ OTN tun sO 





NUMBER X IS FIREC 


MISSILE 


KILL BEFORE 


OF 


PROBABILITY 


229 KTS. 
RE EACH ACDIT 


I 


Se 


1c 


OO 
~~ 


rm IY 


uw 


Se 


ome Ts A 


x Se 


eC) = 
wal @ 


OOO00O 
Oo 


MOOOOO 
oO 


WOOOOUND 
Ww) 


MmOoOOOO 
thi 


OMmoQoogd 
in 


e 6¢@ 


TNOOOO 
tO 


EMmOOOO 


OFtDdOO 
Mi O 
eee 


mC OOO 
SIT 


oe @ 


Mm UIVCI OM ot 
mAINM) TiN ~O 


oee¢e¢e ¢ @ 


WUUUDGKO0O 


OOO000O 
mNM SUNO 


1C 


sTOOO0O 
08) 


NOOOOO 
28) 


DOVOO00O 


NM OOOO 
h- OO 


O”ODO00O 
oe © 9) 


e 6 


TITMOGYUO 
OO 


e. 6°¢ 


OBDOOOO 
Us 


e ¢ 


Nr OOO 
att 


e @¢ 6 


WIAMAOO 
NV 


oo @¢e@ 


Oromost 
mM ORR 


@ e@« © @ @ @ 


OVUVIO OO 


OOMA0OO0O 
m™ NN) WIND 


IC 


NOOUOOD0 
Oo 


OQqQooerc 
Oo 


OOVOO9O0O 


SO—-ODO0O0O 
COO 


e |6°¢@ 


Nm—OODOO 
co 0% 


r-OOOOO 
dO) 


OrOOO0 
OO 


ONMFOOO 
eroelee) 
eo e 


Ve OOO 
at fc 


fh COMIN © 
GI SOR © 


WUUGIdOO 


CO0O0O00 
mNM TU~O 







ee ==> 


i) @Segegeee an | 
- 4b t 7 








a) ' en) 
-— Tee v . rey . ae 5 ave. 





10 


OO 
<a 


saat) 


HE ed 


Ore 


<x d= 


© C_) wa 
Oct 
FR (ei 


INIOGOO0OO 
Or 


TOOOCOO 
oO 


MOOOOO 
Oo 


—-MOOOO 
Oo 


AMOOOO 
coo 


NMOOOY 
eaten 


D—QOOO 


ACOO0OO 
ole ok en) 


eo ¢@ 6 


WNOrOOdO 
ufo 


a er) 


NOs ON EE 
NOU h GGG 


OOOVUUO 


OOOO0O 
mm ONIN) TU SO 


Peso aeeS. FIREO 


OF 


NUMBER 


XPECTED 


— 
— 
= 


55 


10 


wy 


MmOUIOOO 


+tQOOOOO 

) 

tr 
e 


tTOOO0OO 
O 


QO 
e 


ODOO00 
O— 
Cun 


NOOOOO 
OB 

Ow 

eo 6.6 

[= 


MNOVOO 
NY~O 


OCOOCO 
b= oO 
Wh 


e 6 
, sco 


“@ 


tStNoclooo 
Sat 
COR 

eee 
eo 


NYMNOOOO 
Nh) Qe 

pia yg pal ED 

@ ¢ 6 
Qj 


UIF-NOAIO 
DIOOONOD 
OR Nm Oo 
eeeverve 


NN ee 


an ge em a a mn 0 


OODOO0O 
en NN FU O 








rs ETREGD 


X 


BemoKe= MISoile NUMBER 


KILL 


Or 


PROBABILITY 


A @« 6 
LUN 
ULJ pew one 
OFS 


WOOD 
Oo « 
my 


QO wf 
nm 


Li 

Wo > WJ 
 comlaee! 
LLJ oon 7) 


GL 
Ge 
IS 


Ke and ne 


RACAR SEARCH A 
, DASHVE 
IRE EACH ADDITIONAL 


Yes SES = 


Wu 


(6 


if) 


NAWIOOO 
—_— ee ao 
e 8 6 


m=O srOOO 


(ond eel aed 
eee 


OWMOOO 
Le AA 
ee ¢ e 


MMNNDOOO 


Seas 
eo © 6 @ 


pH-O— OOD 
Orr we © 


e* ¢ @ 6 


Ore ODOO 
o— =) 


* 6 6 @ 


IN OCOR-OO 
OO0O0Oo 


®ee¢@8 6 


tho Ow) + 
OoO000°O 


©e@e@e@ ee 6 


PAD TSM) 
OOO0O00O 


mm OVEONAICQIC 
OOO0OO 


OOOOU0O 


OO0O000 


m™ AIM UO 


1c 


Wy 


COR OOO 
ee OLN 
eee 


Mm staOoaooe 
lagen FG a 6 


IMN— NOOO 
and) 2G [om 


MCONOOO 
pm CN aT IN’) 


=I OMOO 
em ALIN) 


ON TOOO 
r= ASIN) 
* *¢ ee 


C00 OB OIC 
Om NNN 


WO STMYASO 
Orr NA ee 
® @ @ 6 6 @ 


TOOOHLON 
0} wren = 
eo eet 8 e @6 


CUO OOS 
COOOO00 


eeee?%e 


CROOUVO 


OOo00o 
mI TINO 


10 


TMDMOOO 
NSN 


CIYNNOO® 
NsWM 


ONANOOO 
NOW 


DOUOAM OO 
mM 


INN +t OO 
en WY) 


MMOODOO 
mi w 


—os ao 
mm ND SD tp 


MOC r= 
Om OIN) ty 


LNNOM AON 
OmNNMA 


eo ee ¢ 086 @ 


WOM Qa) 
OOt mmr 
oeoeeee@ 


OUMOOU 


OOo000°O 
em NN TIO 






a ee ee Le 


PRrererre s 





1c 


ONTOOO 
MLO 


h-OmOO@D 
OJ O 


NNDOVO 
Naw) 


NK ImMmoOo 
Natur 


e® © ¢@¢ @ 


Dr DOO 
ae MOWIUY 


ee¢ @ @ 


DONWNOO 
moro su) 


MOR ODO © 
m INN) uy 


Or NN OUY 
mI ttuw) 
eet ee @ 


LPO OU) 
Om NM 


=f Cimcon o 
ODOR AIA] 


VUDOO00 


OOO0O00 
PONISI O 


FIRED 


MISSILES 


OF 


ER 


* 
t 


EXPECTED NUME 


57 


10 


Nw) 


OVOOOO 
OR N 
Cnt Est fp Ca 

e® @ @ 


MAONN 


WmoOMoaae 
NY phen 
NWN 


MONS 


NN We OOO 
rm ij- 
MYON) 

eee 


MONS 


AOOrmOO 

ONT 

mMcstry 
ooee 


NYONONN 


DOOAIOO 
OPAL = 
at Duly 
eo ¢@¢@ ®@ 


PAOICNIEN 


Ow O=OO 
WI OD em 
WOK) 
ee @e@ ee @ 


MININIAY 


FANnAAIAIO 
FAIM HM 
ONCE O 
ee 8¢ @ @ 


PFOTONIOINI 


mou) st 
CIOnr SW 
Ph Je= OQ 
e® © @¢ @ @ @ 


MOMMOAIANGN 


rm IVI CD fh 
em COOOOMN 
COWINMIN Rm © 
e® ¢ @ @ @ @ 


MMA MINI RD 


ie ow Os teed ©) 
ODOM) 
OM OWN at ot 
@ee¢e¢@6hmUch)ForhC<C MCU HLh—ClCUh/}; 


MATTOAWMAANY 


wal TS SAT AT 


OoOO0O000O 
em NM TWO 





Pelee 


IS 


X 


Peru MrosltlLE NUMBER 


KILL 


OF 


PROBABILITY 


Tu5 KTS. 
IRC EACH ACCIT 


es 


10 


Lu 


eo 


— <I Y) 


Gere 


Wd 


Car 


<x as 


oC) ww 


Orr OoOO 
en NYY 


mw +tTOOOO 
rm iW) 
® ee 


M="NOOO 
med OP 8 


MONOOO 
ot 


= NONOO 
m= ONrn 


OwNTOOO 
mn) 


COMmar~ao 
Om NAIA 


DO TMN OD SO 
OrNNe 


tTOUOVvN™ 
OQ rem nar re 
®©e$ee+@¢ @ 


(NUON OY ON OD 
Ooo000O 


OVVWIO00 


OoOQo0oag 
m= ONIN tO 


10 


NIaIwn 


CZ LL 


Wu, od 


Coco 


x As 


58 


0 we 
<a he 


tNoOoOoo 
Nt 


CINWIOOO 
Nasu 


OANOOO 
NM W 


OMDB O © 
rN ot 
eecee 


ini sO © 
en ND uy 


MMs OVUOO 
mN Se 


HM thO 
= ON) at 


O00 COR r= UW) 
Or NIT) 


oe%e¢ @ @ 


WINN ND 
Or NAICIMIGN 


MOrmiN OGG 
® @ @—6thlUODmhCU 


VOVOOVY 


ODOO00oO 
mI UO 


ie 


Lt 
WO 


win 


i © 


Owe 


x Te 


«Qj 
ae 


ONTOOO 
muy oOo 


-Or-OO© 
(Not O 


UUNDOOO 
NW) 


NMMMOSD 
N atin ~o 


Ahm AOO 
mM 


ONNWIWO &E 
ed Om 8 


NOM Goo 
mA SW 


Om NAAWY 
em NN oS WY 


eee @ © @ 


LON Jem OSU) 
Ore AQININ) st 


SOMONE 
OOmKNC 


eeeeeee 


VOVUOIO0O 


OOO0O00 
mY TWO 





10 


OO 
~ao 
TI 


{i ! 
ON wm 
x az 
eC) 


= CL 


UNE OOO 
MAO 


CItOaoooO 
MIAO 


Om TOOO 
NLU O 


OF OR-OO 
NtOO 
onee 


MNO TOO 
N tuo 


Aim OOO 
rm INVIO 


Ve St tOO 
r= MY FINO 


MNiLN OSONI CO 


m= CIN) SU) 
®@e@8¢@ @ eo 


COM MII 
Or Nims + 
ee | 


TONDO 
OOPrNNM 


OOV9OO0 OE 


OOoo0o0o 
m= ONIN) SLO 


MISSILES FIRED 


OF 


NUMBER 


EXPECTED 


39 


10 


COOPTMOOO 
NY ONO 
OOWM 

ee @ 


GN CIa 


MONO OO 
Chr ON 
OAS 

e6°e68 


WIC 


OTMOOO 
em JO 
NICS 

ee 6 
NY Cem 


FOr NOS 
=O 
ae) sl ON a 
2 @ @ ® 


NYA eo 


ahem OO 
MOr- © 
e@e8@¢ @ 


PANNA 


MrmODWOO 
m CIOL 
TOnmO 
eo @e @ 


MEOIOIAN 


Uys Go GC 
CJ em NY = 
INOW A ee 
@®ee @ @ 


MMIC OY 


Ut COMM 
NN em AO hi 
DON WINN} 
ee@8 @© @ @ 


MAMI OIOAION 


NIMDNION O st 
CIN a (ne => 
fh J em OS BO 
@e@ee#e8 @ 


MMMNIATOAS 


tO tore 
ood pose) Sb Denes @ ps 
BOM WM Ale 
eee e @ o 


MMMM MND 


a es a ae Be ns 


OOO0OO0°O 
m™ OAINY PUNO 











Ss Soeies Miter. 


x 


BErORE = MISSI EE” WY eeER 


KTEL 


OF 


PROBABILITY 


wa e 68 


NE IS 4 
eUuee 


J 
MI 


10.0 


ON SUBMAR 


Mies 


Se 


10 


uf) 


N 


WO 
NZ 


mat 


Wo 


OC) Of me 


<x as 


© Cw 
Oat 
aa 


or—-O00O 
PNM 


ha OOOO 
mo 
eo .¢ @ 


WK NOOO 
e- ™) =t 


MONODOO 


nH NTN) 


|= NCONMIG © 
m= ALN) 


ON reoOO 
mV 


ODA AO 
Om NNN 


O SMONA ODO 
On NN 


tTOOOWY) 
t OT ceed eed ood oh eed 
eo e¢ eee @ 


NAA OOD 
DOOC00O 


OVUWOONOO 


Oood000O 
m™ NII SIN OO 


ike 


OO 
“Sao 
NAN 


ef) = 


ONTOOO 
MIAO 


hh Or OOO 
=r ~O 


UNMNMOOUOO 
Na.) 


NRMAMOO | 


Nt WO 


ORM WOM 
mm MY) 


ONWIWIG EC 
Kyat 


MM AOOO 
mNM IW 


OMNNAWLY 
HOI TAY 


f= LOY Ye ONLY 
Oe NWN) st 
eer ¢ @ @ 


TMM 
OOreNA 


VVYVOOOU 


OO0O000O 
P= NN TINO 


ine 


nN) 


OrIoQug 
NON 


OOMm—OOOS 
MIL 


NIOMOVUO 
NMIW~O 


OND OO 
NW Of 


OMmODOO 
N too 


NeW) too 
CO] SN O 


onodwae 
m= Nt WO 


ftDooOOMmMWWN 
m= OILS O 


ODOM ON 
m™ OMAN TW 


Som P=) ON 
Omen (NAINY 


oee @ @ @ 


ODOOVUVUWY 


OOO000O 
m= NIN TUIO 





———— 


a 
a 2) 
S.-W, en 


| , 
s FW H ' ' 
, Fe | 





He 


WO 
NZ- 


aIaray 
ioe 


COX re 


<x cds 


‘Ou 
Og 
Pall oh 


COM HOOD 
hh 


STOrOooO 
Os 


m™ TMNOVUO 
at OP 


e* ¢ @ 


rolekelolo) 
MORN 


e@¢ @ 


MUNOSFOO 
MUO fh 


WOOO 
Nao 


e@ 8 @ @ 


MS OWN © 
Natu) Of 


Oatrereasm 
m=) tio 


| ee en ee ee 


NIULY OUINY CO 
Mm OID TU 


oof @ 8 @ 


ONIOM NTO 
Oem AICQINIM) 


ee ee¢ @ @ 


VUVUOIOVOUY 


OOO000O 
mY TUDO 


Mis otEGsS FIRE 


OF 


NUMEER 


EXPECTED 


61 


10 


WO) 

Sao 

IM 
Mu 


Owe 
as Oat 
ef) we 
Oa 
Paley @ 


QOOINIO © © 
wIec y 
fh Oot 
em6e86 
Cl — 


QmOOdO0O 
OPT 
QOuvu) 

6 686 68 
NN 


LN Omer OO 
CORAM 
OrOwrn 
eeee 


INQ) ea r= 


GICINIM DIO 
OOMO 
mm (ICO 
ee ¢@© @ @ 
PON 


hh DOO 
RY AMIO 
NWO®d 
ee @ @ 


NICO 


NYDOOPrF, OO 
NY AIO Od 
ee~ee¢e@ 


NONN Ne 


hCG DOO 
om ON Dee ON 
NOW Nm 

eo eee e @®# 


MMII Ne 


ON at Ome 
f- em 1 CD mm 
OND WO HF) 
eeeree 


MINION OT O 


DO TFOWCO 
MINE) SO OY 
COW TAN OOD 

e e @ € e e 


NMIMNINIIY AN 


cn ow ew ae am a 9 


OOOO0OO 
m NN USO 


——— 


PREPRAsI 


-! I~ —_ ss 








| 1 eRPRET 





FIRED 


IS 


X 


Wiss te  NUNbER 


BEFORE 


cee Ug 


OF 


PROBABILITY 


iy @ e 
LS 


<tTOr 


RADAR SE 


Luar) 


NOt 


C 


OO 
a 


m—aiay 


uJ 


Wu TJ 
<x Le 


© oO) ws 
<2 


OVMOOO 
mr 
es @ @ 


MstOoOoIoOo 
m WI) 


eo @ @ 


= OOO 
rN) ot 


NOMOna OO 
m ASN) 


OWA DOO 
mA 


Are SOOO 
ONVINY 


Ee OOstO 
Om NAN 


LO NUN) tem CO 
OM NNO 


THOM ODT 
©ee¢%e# @ 


NINA ODO 
OOO OO 


QVOO9VO0 


OOC0O00 
m™ NN) tO 


ce 


‘a 


WO 
a 


NITY 


Hi. od 


Cam 


x A= 


62 


oC 


thos 


ON TOO 
N =F sO 


Minn OOO 
Nt Oo 


m—NOOIOO 
Su 


Not tOO 
mM) UN~O 


OtnOOO 
mM FO 


TFOTOOO 
ames es 


MmINDOMO . 


mATngyu) 


DO remem O P~ 
ORM FuIWM 


ONAL Rm Oh 
Cm NON) 


ee @ee @ 


DOP = OER 
OOM MINN 
eeervee 


OOOV0V0O 


OQVO0OOO 
mAIND uy) 


1c 


tITUNOOO 
Mipt= 


o @¢e 


H—AOOCO 
NWO 


OmOOO0O 
NWO 


INMAInm OO 
NTO 


IOC OO © 
GS) at WSO 


OMNMOO 
Tm MIMO 


Wer LI st © 
mM) SUO 


CIM COrN) 
Mm NM TWO 


CORR MUNN) 
OmNM at 


at Duro f oT: 
OOrniqn) 


WVUODOUW 


Oo0o000 
m NN) SO 


10 


ina = Eo) 
mt) 
(ie a | 
ei os oe 
x a= 
e C_) = 
Oa 
am 


rmODOQAO 
=t Of 


OMNWOO 
NOR 


NAANIOOO 
MAM 


mINANOOO 
MOLY SO 
eee @ 


EeOMMOO 
Wuy0 


e® e@¢ 


MtARAOO 
CI SILO O 


AER-AMOO 


WOM) SOIC 
mM SUYOO 


eo ¢@ @ @ @ 


Com NSA 
mm ANIM STU 


eee @ @ @ 


toe COW r= CO 
ol entaet® helae) 


eeeee@ 


UOUVUNOOO9O 


Ooo0oo 
m= ANNM Su O 


FIRED 


fg 


MESSTIL 


OF 


NUMBER 


EXPECTED 


63 


10 


Orr 
a 


m™ FNOOO 
Dh I GO oe 
COON 

ees 
A 


WAMOGO 
CMOS 
Oot 


Be ea 


HINDHOOOO 
(VOO 
orth 

eee 
IN ON 


AMNDOOO 
QUO ew OF 
rm icy ot 


NOAH 


MtOrOO 
my QO 
QI SCO 
eee *¢ 


2 ON oan 


Me OOOD 
WCoOM OV 
MM Oreh- 
eee °® 


MOON A) ree 


OttTmnnoo 

hy ANNI) 

tO Oa 
eeceeve 


NOAA New 


TODMOO tT 
DALIAN AM) 
Wem CONGO ov 

eeete @e 


PAM 


SYOO TFNOR 
QIAO a 
AVM ON 


MMNINAIA 


CIM OMIM 
LA Bh O R00 © 
DOTNON 
e@eeeeeseseee 


Peleelenarar 


aT TT AT 


QDOO0O00O 
mM aro 


ise ER ee 


BEFORE MISSILE NUFREER X 


KILL 


PROBABILITY OF 


1 LL 


Owm 
hm pn 


18 


WOO 
No 


mI 


eau 


UL ad 


car 


~ <a 


eC) =~ 
Oat 
a—~ 


OHTOOO 
NO 


MiN—=OOO 
Cat O 


m™NOOQOO 
Naw 


@ ¢@¢ @ 


OO ta OO ' 


m MO 


OAROOS 
mM TO 


totoo0o 
mh) Wy 
eo @ & @ 


and SOT 9 UE One OF >) 
mY TW 


DD rer=Of- 
Om-mMatwnw 


ORIN me 
Or NON 


Of ONS IOS 
OOM NAN 


VUOOUN0 


OQOO000 
m™ OAV FU SO 


1c 


Wy 


NTN 


Of Ls 


i: Sr 


Oar 


<x ae 


64 


oC) 
ae 


TONOVO 
NOUN 


mADPOOO 
MUMS 


Orr QOOOD 
OYUN SO 


WMA OO 
Wat oO 


NANODOOD 
Nano 


ARQ OO 
mm NU O 


Wem 9h tO 


al bf Pe te) 


COILS COR 
em ON ND TL OO 


COR= hein) 
Om ANAT 


®o ee f¢ @ @ 


oa 
OO AVIAIN 


@©eeee?e 


VUOWOOO 


OOO0O00 
m= NTO 


10 


wy 


Md 
OO 
NO 


ms atY 


CZ Lu 


fd 


QC) oie 


x <2 


Pryor) 
Puss oe, 


mOUOOO 
ft OP, 


COMNMNOOD® 
in or 


WIQINIQOoO 
altaya 


miNnD®OOO 
MOR 


® @¢@ 8 


-ONMMOO 
NWO 


MTAWOO 
CV TWO 


AMOAUINI OS © 
mW Oh 


WMOMATNGE 
oN) at UN OO 


Ore CUAL 
mOIND TU 


LO em COLT em CS 
Om rN 


OVVOOY 


ee . 


os 


g:° 738) ) | oe 






10 


Ny 


rw ho = EU) 


wu od 


COCINGMQOO 
—t ih 


hrm tOOO 
NY SOR- 


NOOMOCO 
MURS 


COW STOO 
YU OM 


NMINICOCO a+ © 
Nsom 


COU AAPA! 
rh} STU)ORM 


CLO Ph I 
rm COIN) TU O 


ONT COLIOEYJ 
Or NAIM) + 


OOU9D00O 


OODO00O 
me NIM STUIO 


FIRED 


Om eetrrS SELES 


NUMBER 


EXPECTED 


65 


10 


oT 


COATMOOOMO 
may) 
wisi 

ee @ 
rere 


TOO OO © 
INV fw 
OOr 

ee 8 
Clan 


IANKOODO 
WIENS 
h GON 
oo @¢@¢ 
LONIG- CS 


NOMMs>OO 
COMmOM 
OGIO) an Ce) 


e 6 ¢ @ 
Neo 


™mOMnTSTOO 
~=COfhr 
Cor 


[Ate 


OUIMm OOO 
mene 
rm NY RN) 
® «86 6 


NAGS om 


AOR AICO 
OmMmomy 
MOOoOM) 
e® @ @e@ @&@ @ 


MYNQ{ce re 


Of =F Oe= 
Or QONN 
at Dat QON) 
© @©@ @¢¢ @ s 


Solis isebolae linn 
MMA RO 
ONOt00 


POMALOAIN eo 


PO rm SOW DL 
m OD sf COONS 
COLANM ODL 


MMNTOANIAN 


an gene nme given > Smo 


COOO0O0OO 
HNN FNO 





Ps Fikee 


X 


KILL BEFORE MISSILE NUMBER 


OF 


PROBABILITY 


YW @« @ 
lun? 
LL he 
ease 
O 


UJCodm 
CAO e 
MO 
QO re 
OY of! 
N) {I 


lt >- J 
= 
LL mod O/} 


L 
C 
S 


a 


AN 
Ve 
Lt é 


RACAR SEARCH 
DASH 
ADDITICNA 


SSS 4 
ACH 


e 


Es 


“J 


2 
R 


lies 
a! tt 


vo hed 

Cat 
Vi ome 
Wawn 
SIYY 
NO= 


be 


1c 


ry 


WOO 


Nao 
macy) 
OZ tu 
ead 
© Of = 


x< <a 


oC) ~~ 


Fis 86 


= 


tae 


OA TOOO 
NSO 


NWN OO © 
N sO 


e@ ¢@ @ 


m™NDOOOO 
Nay 


COos so 6 
mH KHOA OO : 


OSTOOOO 
aed be sh 


SOtOOO 
om MW) spit) 


mUNCO MOO 
mAINM TUN 


COs =O 
Or mMmawMw 


ONIAI RR OS 
Or NMI + 


PT OIE NTO 
OOK iN 


Ce on ee ee ee | 


OOOOO0O 


QO0000 
mAIND TU O 


¥C 


Ow 
oe 


Nata 


ti od 


oc 


x az 


66 


el 
Oz 


<a &% 


—|OOO0® 


at SO R~ 


COMUAGDO©O 
NOR 


WMOAMOOO 
NL 


m~IODOOO 
MYUN OR 


fSOWNDO 
NWOMm 


Ms OoOd 
CIES Um 


AM OUSTO®D 
=—MON 


LN Cone = CO] TO 
Mm ND TINO GO 


Qe ONIONS 
Mm AIM TW) 


Lm CWI OD 
Ce ION) 


VWVOOO0O0 


OO0O00° 
mm ONIN UNO 


16 


PMOPN OOD 
LU) Ph OO 


OSMQOO 
Salto a) 


Or OOO 
aTMh@ 


NOM OO 
=trOR- 0 j 


e@ @ ee @ 


Sais 2o 
MOM CO 


NTT 


hCOMAIMm©O 
(NJ SOM fh 


we Oey tee ia) 
OWI OM> 


TOO rm er OO 
m™ AI SUIOO 


PLO NI m= PUY 
O-NUIMS 


oe0©ee @ @ 


OOQVUOO 


OOO00O 
m™ NN TLIO 





iC 


Ow 
—— 
Taly) 
mk 
[ete Ad 
Owrm 
x <= 
oC) ~— 


< Ce 


MTOrOO°O 
© @ 


ANDMOOS 
WQS oO 


WAsOOO 
WB G2 


ONWUr-Of 
LIB COO 


ee @ @ @ 


UYONDWO OQ 
a t+hO@® 


OTFM—MOO 
TOMO 


NYO r= ON) O 
NLT) B= cD 


eee? ss 


OMAN 
NJ at SOM CO 


COW TOA QE FO 
mM) TWOP 


ODOM ON 
rem NIN TW 


e*eeees# @ 


VQOCO00O 


OOOO00O 
m ONIN LO 


FIREC 


Geer bo sles 


NUMBER 


EXPECTED 


67 


10 


N 


Oa 
CS 
<< 


muh OOO 
rot 
a= (NIG) 

eee 


Cj 


hs tem OOO 
CNIS 
INN CS 

ee e@ 


CQ 


MNIWQOOONO 
ND Oven 
at af OO 

eee 
Nr 


©OOP-19 OO 
QStON; Oo 
tL) Or cD 
eeee 


OC] - 


Dh TXOO 
Nimes OC oO 
m™OAO 

e @e@ @ 

CON IC 


ONS OOUW 
eae fe OD =F 
Oosa— 
eoeee 


AUN] = «= 


LOM AION © 
MFO Oa 
ONS Ne 
eee e@ 


NN 


WOOO aN) 
AiDea= OD CO 
JW Ome 
eoeeevee 


NON QQ eo ew 


OSIC?I OID 
em OI On O 
WON em COW) 
ee e@¢e#e¢ @ @ 


MONIN AR o- 


CoC at ST 
th COPA rm uy 
sre DvomM 

e® e@ @ ehm6.°e e 


MOMMY AION EN 


aT ST TT 


OOO0O00 
mM Fu 





Po PRE 


x 


Seb erOko es mlsoolle “NCVBER 


Or 


PROBABILITY 


Yee 


RADAR SE 
KTS. 
EACH ADDIT 


u5 
E 


on 


Wot 


BMARIN 
~O MIN. 


SU 
ES 
5 


1C 


Oo 
~<_- 


mil WY) 


of i 


tu. od 


Orr 


x iz 


© (2) wwe 
=< 


JT OPOVO 
OOOC0OO 


athM OW st 
OODMOOO 


MOON a 
OCDOO00O 


MMW = =F 
OOO00O 


e® @ @ © & @ 


Nat JS 
OOI000O 


QMO ANNAN 
OOOOOO 


® «© © @ @ @ 


em OAIINN ON OV 
Oooeoce 


ES GED Ge GER FE 


OOOO00O 


oe © @ @ 


OGOVOO 


OOQO000 
m= IND UO 


10 


WO 


Ne 


Natay 


Ti! S| 


Coa 


x LE 


68 


©) wwe 
<6 


COrt +O 
ONYINA) 


1 OD OR AIS 
Om NIOIN 


eo «© @ ¢ @ 


BO OU r= © 
Orn Q\AIAS 


DO TMANIO 
Orr NX\AN r= 


LNANe DOO 
e 


a 
} 


ate OM Oo 
O me ne re pe 
eee? 6 @ @ 


a Oxinu) sarod 
OQ mer re 
eevee @ @ 


N) hm Oe © 
OOrrrer 
eeevee e 


WN Oca 
OOOO0O 


er So as 


OOCD0OOO 


QIOOO0OW 


OO0Q000 
mM SU 


*9, 
ee ua 
a 


10 


OO 


= 


SS 


maaan 
MUL dd 


LJ O6 es 


x aS 


© C..) ~—- 
Oa 
ZC 


NWI RO © 
mY Su 


eo M0) ot oh OS 
ee COUN) SS ot 


ee ¢ @ @ 


QO ™= NO 
MON) SF or 


COMCd ONO 
Om AINSI) 


P-L TOM) 
OMANI 
©@e¢e@eee @ 


O TNO a O 
Com QI ie 
ee ¢080 080080 


LD r= 00 UI © 
Qemem AINA 


FOTO TN 
COONAN 


NOOO tM 
QOOm meme 
* © @ @ @ @ 


r= NOLO ONO 
OoodoOo 


OOCoo0o 
Pm AIM SUS 


o ‘ Son. 
+i 





IC 


WII DNA © 
r= NSW 


NIM BOOS 
eNO ot) 


WW OO E 
rN TW 


ONMNOW! 
er ON) Sa) 


AADPOOA] 
OrQmawy 


eee @ @ @ 


QOW atm 00 
Orr QUIN a 


e@¢ © @ @ (C@ 


OM r= OWA 
Oe NNY 


MNMOOMAWN 
Orme QINHOA 


eo ¢ @ @ @ @ 


ND hm Oem SO 
OOr AIA 


e@eeee @ 


GN Pee OT Oa rte 
OOQO0C0Or- 


OODO0O0OO 
rm NN TUISO 


MIPSSTtES FIRED 


Gr 


NUMBER 


EXPEGrel 


69 


10 


iS ae) 
Nao 
<< Eo) 
el 
Oar 
<2 
Cj 


a. Ce 


DO UAT ING © 
CO OMmtn 
Wm OO 
eeeee 


MMONAIOS 


TINOAONN EO 
MNIOSNIOD 
ONDE O 


MMAINN 


(IO O Cor © 
h-ODrm= iy 
OND COP 
eo @ @@¢ @ 


NNINN OY 


mth oto 
h99O CCDC) 
eee # @ 


NMAMMIATAIN 


Pm AION OD oo 
MOANA 
ser Ono 


eoee?eee?e @ 


PMPANIOQATA 


SS ar aw) 
Oe Or ae 
hUOM=— OO 
eeeee @ 


PASIAN AN 


—~—OTDOODO 
ROTO he i 
OOS Aer 
eee © @ @ 


MPO MIRO ANY 


NON At 
fh ~ rm ONINY O 
COM WI at Pe) 


POM AINA MI RD 


Lh I Se Lay 
es IO OS OIC 
OQ Ow) 


MINIM AOA 


eAVOOON 
NOt Oat— 
COOKS 


MARR NONI AY 


on on in eee eww aw 9 


OOOO0O0 
rm NN) SUNS 


——— 








. 1 , ;_ + 5 ‘ 
PEER RSE! ' 


"eee Enei | 





FIRED 


IS 


X 


BEFORE MISSILE NUMBER 


KILL 


PROBABILITY OF 


RADAR §S 


oS. 
PReweactt ACUI 


2 


=o 
=_ LW 


Y) ar 
ICV) 
ANY 


VIQs 
Wty 


=e 


Sort 
me owe 
CD td nee 
mr 


1c 


bid 


Nam 


mH lalay 


re 


Wu. oJ 


Oct 


x te 


el) ww 
Faia @ a 


QO—-WTO 
ONMAIN 


CIO AN AIO 
Ore NNN 


ee e¢¢8 @ 


f= WOUI" OE 
OmAAN 


e*eee@¢ 


OFM 
OrNANNS 


of*eee @ 


WNe~ OOO 
Or AN = 


e*eeee8 @ 


atmmoot 
Qe ee — re 
e**® eee @ 


SOMNMIAN 


On H——r 
ee @ @ @ @ 


NN) fe Alem OC 
OO rf HK — = 
* @ @ @« &@ @ 


NFaMOO 
OOOOOO 


*¢eeee*# 


mm NS ST at at at 
OOQ0O00 


*@e@eee se 


OOCOC0OO 


OOOO0O 
mNMTUIO 


8 


CN 


WO 


“No 


Na tn 


Hu CJ 


Ct ws 


x ase 


70 


ef) ~ 
ae 


NUS OO 
rm NYS UY 


eee @ 


oN) St oh O 
me AIM SS oop 


ee ee @ 


QDOMH—wWO 
ON st st 


ee © @ @ 


OMODAO 
Cer IN st) 


— OLN TONY 
Oe NMNIN 


STFNOTO 
ORK NM MN) 


eeeet? e@ 


LAr COLT OR 
Orme AININ 


*®* @ee¢e¢ @¢ 


a CSOs! 
DOrNNG 


oeef @ @ 


NOOO TM oO 
OOrr a= 
e*¢eee¢e@¢ 


m= rth CS OS 
OOCO0OO 


e®ee#e#°e 


OOVRIOO 


OOoO000O 
m NNO 


10 


QO 
Nan 


madny 


oe uu 


We ed 


ee 


<x as 


7) Se? 


Q<a 
| 0 


INDI AI @ © 
mAINTNY 


MANO OO 
Mm AIA SUS 


NW OOO 
m= (NIC) Sr in) 


ee @ee* se 


ONINOWM 
e— OJIN Ua 


HDAMOON 
Orr NN atw) 


eee#e¢ &@© @ 


DOOW Tee OC 
em ITO er 


ee * @e @ 


ONM—AOAI 
Orn NAM SF 


eee#ee%ee?@ 


WOOMAWL 
Oe erNNY 


eee, @ 


NIN =O 
DOrmKNN 


eee 8 @ @ 


Nat -O Cet) 
OOOOre- 


e¢t# ee @ 


OOOO0N 


Ooo0o0o 
m™ AIM ato 





10 


3c) 
NZ 
ITIAyY 


| ee 
oo 
“— aa 
@ C.) ~— 


oo 


MM Th MNO 
mi TWO 


Om 3 TOO 
mm tin} 


eo oe 8 @ @ 


Oo S 
mN SOY 


NOUN Rat 
mAIND SLO 


m= ALON OO 
HNN aT) 


OOO COLIN 
OO) v1 


oeeee @ 


hmOTANOMW 
On IMmtt 


oeee8% @ 


OA OOAICH 


*e@f © @ ¢ 


SONIDO TO 
QDOMLNN 


Y3IMOom 0 
OO eee 


os @ #® @ @ @ 


VOOO900 


OOO000O 
NN TUISO 


ole ee 


reer os 1 LES 


NUMBER 


oh ilo St SD 


= 
a= 
ies 


71 


10 


DOS N OS 
haAINNO SO 
Es (0 pps ey a 
e®e@8 @ @ 


MOINATAY 


I =P CO OCD 
Si-O 
NODA 


MINION AION 


at UO AIO 
Ome mM 
Wem OWA 
oe @ @ @ 


NO NIOIOATANN 


Tew ST NO 
NO@osa™ 
SIS ta) 

e e@ @ td & 


MORIAIONONGN 


Lymn COMO NY) 
P- Orn Th 
ONO O + = 


oo @ @ © @ @ 


MYACIN AIAN 


PULA O OW) 
CIO O—k)O 
PhP +tO® on 
eo @8 © ¢ @ 


MMOSONNN 


Ost tT ON 
Om NA Dee yy) 
hI ALTOS COM 
oe 8 © © @ 


MMNMIOATOATOAS 


PYOMOOMm AW 
NINO ON) = 
COOMA OO 


MMMM NIN 


MOON) ao 
[epee ip) | EY aa 
COR-tNATMIGY 
e@eeee8 @ @ 


MANIA MOI) 


MOMNOr- 
th MONsd 
OOR--OuW) 

e@¢e¢eee se 


MNMMNIM 


TIFT St 


COQOO000 
em ONIN yO 


SPPEUEDES) 


ee 8 





mIR ED 


IS 


X 


CGEUR oe nlsotce NUMBER 


KILL 


Oe 


PROBABILITY 


RACAR SE; 


KTS. 
EACH AUD] f 


oe 
E 


— 


SUBMARIN 
boes 
=10.0 MIN. 


ON 
M 
LE 


10 


N 


DWOrmOTtO 
ONMAIN 


WOON O 
OmaiNnay 


P= OOO 
OMmANA 


WO TMOM ORM 
Or NAIA] = 


eee @e¢ ®@ 


INNem OOO 
Or AA 


tem O00 
Om te re po 
eee 8 @ @ 


=F OV Ver ON 
O00 Ke H-e 


Ny he om Nem © 
COrtrH-— 
ee¢68t6mUmOmUCUCOUCU® 


Cstcococom 
SeoCcoe 


mAs tot) 


OOOVO00O 


OVOod0OO00O 


ODOC0OO 
mm NIN) abu 


1C 


NZ 


NSaY 


ue oJ 


On 


<— a= 


72 


Du 
<_ oe 


WI OS ONIAICO & 
m™ NTO 


ee @ @ @ 


mM CA ONO ©} 
mm OJIN Af 


WLIO OMI 
om NING SU 


OAIaAaLrOtnty 
AIM SEO) 


COAAaMOON 
Oe CUNY TY 


eo e@&¢ @ @ @ 


COOUI = ED 
Ore NIN) = ot 


One OO ODay 
Oem NIN ap 


WMOONAWL 
© re me QINQIND 


NM ee Or sO 
O@Orer= Clo 


NTOAMWI 
Goeo—— 


Oooodco 
mm IN) TIS 


10 


OONr OO 
MINI O O 


oo @8@ @ @ 


COMDOa tO 
= OTUI DO 
eee? @ 


Mm NLGYle= © 
r= i) = WO 


th Nem em oom) 
=Car ina. 


NOUR ot 
m= AIM tin 


mm COS OW 
om AIM) ot ot) 


COOR-UIIA ON 
Om NS 


f- ste Ones 
OmNNYS 


TON Oe 
COOrANN 


CEG) =e 
QOOOr ler 


OVOOO00O 





© LNW ON COAIO Nhe TOO 
er OJTWOM © om P= Or™ © 
ee e¢e¢ 6 — MIOe= OE 
eet? @ 
NON) om oe 
MNOWOO MOON OO 
N = Oh heehee 
eeeee Oo NYP AIO 
ee @ ee 8? 
NIC OIN a 
m™ NINA. © OUIVICD DP E 
(N39 WIO3O hMCOCIMNI <O 
oe eee (2@) a Cae OS 
e®ee¢ @ 
MINAIN es 
OWMOco tO —ANOnr 
mI TDIMOO OnT Cr. 
eeeeee ~~ LN CUA) OO 
C23 * ees 8 @ 
Ud RIN NN ALS 
2 a 
prom 
Orn ST Ami LL. Ph OLA rhyuyO 
rm NM) TINO OD Om Deen CE 
eoeeeee .e) WMH Ot YO 
WY ee @ @ @ 
UJ PFOMIANOIN 
az} 
py 
tM@OMO Oe if) LNOrjQon = 
em AYN) a U7-O SY) “PSO! 
eeereee ht Ww OAIBIDNIA) 
al eeserte 
PANIGQIANIANGN 
LL 
m NNO Oo TODMNAN 
mm NINY to OO Coe 
eeesee at P= OM 1 
(a evevee 
Lid MMAR IOIONT AY 
foe} 
a 
0 Ol OP fd be =) GAIMALO ee 
OeNMI + Poll NM QIU ING SO 
ee fF @ ee @ Nw) MINN Oddo 
eo «6 &® @h68 hh @ 
Q POROMINMIAIC 
Lid 
— 
ON OWI O t) OCIOOOO 
Orr qa LJ TMM OTTO 
eeeevte a. N OO ayviee Oo 
< ®et®eee 
ud NONTAONNI AY 
MOON re NW jer O COO 
Coen CINIOIOIOTOAT 
oeeeee -— O’ COM OW sf 
eevee ee 
MANION NY 
VUUDOOO OO SIT TTT TST 
WO a I Ge) 
~Nom No 
atau) a<Y 
CCU Say O0O0000 
(en) }§6~§OGOaOOO Lead PNM TINO 
CAs ONION ATL Co BS ban 
<x~ <= <I> 
yaar a 
Oat O<a 
ae Pande 


73 





St ee 


X 


KIC BEFORE MISSILE NUMBER 


OF 


PROBABILITY 


RACAR SE 


feo KS. 
EACH ADDIT 


IRE 


WU. 


Mau 


1c 


Ww) 


OXN OO 
DK" MIMAI 


oe 8¢ @ @ 


Pao pe CR OD tO 
Om NAN 


OOMMEMIO 
OmAING 


WS tse wm 
Oe NAIA 


LY ONION OS fh 
Oe NN me 


tODamrrwm 
OM eK me 
eo e¢@0e¢ 8¢ @ @ 


MONO SN 
OOrr-- 
oe3oeee @ 


OID em ONAN 
QOL eK — 
eo e@ehmUHmUCUMDUCUD 


MN J CO Os G0 
OOCOOC 


OoOoOcCOoO 


© eeee @ 


OUGVOOO 


OOO0O00 
mm NN SU O 


1c 


wy 


WD 


No 


Nay 


| © 
Owe 

x a= 
anh 
O<ct 


74 


ON fh Ale OC 
om NTU) ~O 


m OCOORG&) © 
m= AO TW 


ee ¢ @© @ 


ONY)OWIO 
rm AIM tu 


OAc 
OMT 


OMmawor > 
Orarnstuw 


OM ASMIAIO 
Orem NIM Tu) 


ee © @ @ 


WMNOM O-Tr 
Om NNN) 


TONS 
OOPKNAAIN 


I) SO me sO em fh 
OO Orrr= NA 


ei CORK 
QOOOVrF- 


oe oe @ @ @ 


OVOOOU0 


Ooo°0odo 
Mm NMS WO 


1c 


N 


Sam 


maIay 


hu od 


© or 


<x aa 


0 aw 
a% 


fT OOM O 
mW) +t OO 


em h of O 
em TINO 


TCAINING 
m= ON Su sO 


NiM 00 O CO = 
re NIN) UNO 


mNSTWN-TO 
m= OSM =F uO 


NAOOWDO 
Ocer*M TIw 


hr ONSNO 
OeKNM Ts 


LS ON OD Bh ost em 
Omm AIN) 


TIM O LD 
OO we eK ON 


ON ath © at & 


eoeee 8 @ 


OQOOO000 


OO°%000 
m= CUM TUS 


FE 


4 


Oe 
—> 

re 

id 

a 

a 








1c 


Lal 
WO 
~<— 

oe ot = hs GO) 


ee | 
oC 

«x IS 
eZ) ww 
Oa 
<_ 


m™OWMON © 
Nu OM 


AeA © 
m= MLO 


f- TOMO 
aN) Tine 


Wm SIO 
m= Not UNO OO 


NM O-anN 
—AN tun 


=a = 
= AYO FBO 


OOOH 
OQeNMTW 


PW NI em OO 
Or NANO ot 


INO OINOUY 
Omen NAIND 


MIUIMOC IO © 
OO0OxreN 


ODOO0OO00O 
mm NID TWINS 


VESSiies | FLREL 


OF 


BAPECVTED NUMBER 


75 


19 


“} 


COO 

ao 

In 
ag VL 


ce. 
I= 
Qu 


er Oe 


OPR-OIODOO 
om ON em) 
at fT CN& 
© @© @ 6 @ 


NON Co 


OQaArTnNOO 
Tt OnO ap 


MN ALN 


TUNA OO 
IOP GS Ny 
(NO se O 
oo @ @ @ @ 


NOON ON eo 


Oe on) 
WANG OO 
Wm ONOA 
oe 6 @ ee © 


NIMAIQI A em 


OMNODM 
alent al tatedae) 
WOH = OIC 


MANNINAN 


TOM AIO 
CN AQIS} OO OV 
OMNIA ON 

e@e@60606UMtmUC FhC~M 


MMANAICIC 


MODACO 
UYU) a= 7) SS OY 
MM Jercsnon) 
®e © © 6 @ 


RO MMIOIONN 


(MOO Ne © 
mm hee h-OO 
DOiNny» OO 
e © © @ @ @ 


MANA TANMNI OIC 


SPAiew FINO 
fem NM © 
Cee et © © 


RRA NANA A 


MOAI Of fh 
Maye) aa It} 
OOM OW 


PIMA) 


Faw in iene iow ae ae 


ODOO0O 
eH NIN) FU O 


Bee 


x IS 


‘BER 


Creel over ORE” MPSSTCE “NUP 


PROBABILITY 


us be 


RADAR § 
CH ACCI 


Cle « 
Reo sb 


TY = 
POF A 


LCC I 
Pe 


eT ae 


V 


MY 


m— p= 


ZOUz 


—_— rm 


ao = 
2 O 


ats) > 
VY) Le 
J I 
a es 
OewWw 


SO bent 
LCase) 
JIMNY) 
ad (eweng 
NO= 
WAL) 
m4 SO es 
= OW) 
fc 
S| 
Gy Le 


Oe UW 
Lad << OY 
GJ iim 
=. Ol. 
~<a 
a 
Le 


<i mud 
jan << S 
@M Use 
po SY) pao 


1c 


by 


nw) 


(J 
WO 
Pe 


real TY) 


Cet) 


wu, J 


Ooce 


Kx az 


o —) ww 
Oa 
ee GY. 


Cif = NIE © 
mN Tuo 


m= iW CO OQ) © 
em IND TW) 


ONNI-OWIE 
em NM Su 


OOr Oe" CO 
OAIMTWWY 


CO Mh CO 0D h =t 
Oe NMTW) 


@ee8¢8 ¢ @ 


OWN TINO 
Dem NIN) uy 


eee? @ 


INN OO + 
Om NINM 


atAMaja .o 
OOrmnNaqs 


Om Om 
OOrm & NA 


m=O Cin 


O0900er: 


eeeevvee 


OVIOVOO 


OOO000 
rN ST UYO 


10 


iN) 


WOO 
SZ 


Nata 


~~ Ud 


wu, oJ 


Og 


<x Ste 
os 


76 


year 
O<«a 
<a Ge 


MF OOr® 
om MM FOO 


Wen = © 
rN) TUYVO 
© eo @ @ 


=I QOUNM INYO 
mm NSU O 


NWO oo + 
mm AINA LSO 


ee ON SUN SO 
e= OJIN UNO 


AOOOM0 
Or OFT) 


Mmoursrayan 
Oe GS ot 


LON OS J ee 
Orcer NOT 


ees e 6 


af oo vi Gili 
OOrkrQjyn) 


Oat MO aff 
20. — 


OVWOWO0O0 


OQOoo0do 
= NIN ST UyO 


1c 


WO 
~~ 


maAaaNy 


os 


I) ed 


oar 


x <= 


“Cu 


Od 
Pas 


= COU IMWIN©@ 
Nasu OR 


CAR NST O © 
mM NOOR 


f~- FTOOm © 
NO uO 


NQ=S m1 Oo 
ee PO) STUY OO 


MOK ON 
m= ALS Lan sO 


me NYU) at om 
om ATTY nt 1 XO 


OOO OKR-+ 
OmNM sw 


MAM DO 
Crm MIN 


INO ONAN 
Orem NNN) 


CYUICLON SOO 
OG Cre 


YVYOOOVUO 


QOOCO0O 
m= ONIN AlN 





ic 


WD 
Nao 
azaidy 
evi 
= 
on 
x Sts 
eC) 

Od 

rae a 


LD SO em m0 O 
MN ar Oh—P- 


MMcdaaso 
(NWO 


ee.6m86h6Ume8mhlUM 


=P ui Oo 
OSI OM 


Ovoo--aony 
MLO DO fh 


ee @ @ @ @ 


OAD TSO 
NY STUNOR- 


eoeeee? 


Sh HOON 
Mm AINA O 


eeoeeef¢ @ 


m OSNINIOCID 
mm ON) API 


Orommo 
OmAM SW 


oe @ @ @ @ 


ON A UIATOS 
Orr HK ONIN) 


MOO TGC) 
OO wren OW 


WQOUO000 : 


OMOOOO 
rm NIN) SUI 


Pieee 


Wiss Ves 


OF 


NUMBER 


EXPEe 1 cED 


77 


10 


re) 


Ow 
Seo 


<<) 


eet 
Lt 
Oem 
<= 
oF) 
O< 


mR-OUINO 
TAS mm at 
NUIIOUICY 
eo e @ @ @ 


RYN me 


AO AIO © 
oOrnowyy 
MOOOmM 


eee @ 


NUNN = 


OMOMasO 
MmInowow 
WM ON = op 
e¢ @©@h6mc8tmhUm 
NIAIN om eo 


OFIMOKO 
INCOM ACID 
tO AUNY 
e® ee @9 © @ @ 


MWAIQS a oo 


iM COS TMOAYC 
Oe 21-0 
WNOINmPh-LY 
ee eee @ 


SYRON OS re ee 


f= AAD — er 
DNA ooh O 
Nem PW) OO 
ee &©& © @ @ 


NIM AICS om 


TOOMOG 
ROM ONN) 
ON AWIIAI OY 
eee ¢ @ 


MINNA 


NP OO atuy 
INOW a =O 
fo DUNG 

e* @ @ 6 e ¢ 


MMNINAN OY 


M) APL 
Nh Me NO 
CIO Ter OO 
eee @ @ 6@ 


NINO AAI 


NV 
mee OUD 
Or CO On s N 


eoeeee e 


POM MANIA 


ns ae et ee aon mad 


QOoO0O0U9N0 
mOINY ALN WO 











FIRED 


IS 


A 


MISSTLE NUMBER 


KILG), Berore 


OF 


PROBABILITY 


XY eae 


RADAR §S 


Ze I oe 


ft th 


a 


I 
UT 


aR 


10.0 MIN. 


ON SUBMARTIN 


oe S 
Chee ab es 
Ma Ss tLe 


Sat 
0S 


1C 


WO 
So 


—IY 


C4 tL 


1S ee 


owen 


<x daa 


a 
Oct 
a 


(Ne ee Clee ©. 


m=O TINO 


m1 09 ORCO © 
mA) STUY 
ee ¢ @ @ 


ONWUIOLA © 
HAM te 


e868 8 @ 


OOm ON CE 
ONM tN) 


CO P- G) COR =F 
Omam=arw 


eee? 6 


ONTMYO 
ee NIV st) 


WMNOMOTS 
Om NAN 


tAMAIAO 
QOOFrnny) 


WO rm Om fh 


PIN CO rm 1) 
OCcoctker- 


VUOOVUNI0O 


QOoOCco000 
m= COTO SUNN 


1c 


HONGNO 
N ino 


DmAIMOS 
m= POL SOR- 


ees @ 


 tORM-O 
mM tino 


Im SMMC 
i ae 


iS eee iin 
mA TUN 


= Mt 


OO OCB st 
Om ONIN SY 


= WAM em OO 
Or Nm 


WIMDON EAI 
Oe ANY 


CALTGOC 15O ©) 
OOQ0Orr) 


OOOUODO 


OVOO009O 
mOINY = UuN~O 


10 


N 


9 
2 


Mian 


Wi oJ 


CO 


~ aS 


oC) ws 
Ot 
Phy 


Oe OWI OCD 
(IW SO SS 


Bh OM AIM © 
OY orm 


TARPAMNO 
NSN or 


eo ¢@¢@ @ @ 


= AN AN O 
CITUIOR 


ROOOMN) 
m™™ WILT SOO 


Oem STLONI OY 
ee ar ts 


NI OR- ON? 
m= OND ar 


OQOoondfr > 
rm NINN Pu) 


Oa 
OMAN 


MO Mew OOW”* 
ODere AIA 


ODQo00o 
m= CNN TILA SO 


10 


0d 
N Zo 
Tilly 
cL 
1) fe 
a oc— 
a a 
eC~=— 


Fo 


OO TH TO 
MOF mcd 
ee 


MO=—OAMO 
STEIN ROS 


¢#*eeee 


ON Or © 
MAT Om CO 


eeee® 


moconmmcae 
A) at ONN © 


Jt rAMCOW OY 
Natu orer- 


QDONNOY 
NINQUN OM 


eeeee # 


Mm NWN O 
AH OANODO 


NSO SO st = 
m™AING TUIO 


ORO SOND 


Oe QIN 2 st 


TRASH 
OQOOMMmAIN 


oe ¢ @¢@@ @ 


OVOO0VO 


OOO000 
mm AING SFU O 


FIRED 


MISSILES 


OF 


ER 


> 
4 


NUME 


SX PECTED 


79 


10 


em SU ONIN) O 
areas sac i bl ee 
OCINN © 
e®mUmherhC HTC eC! 


NY NJ em me ome 


LA RR APSO CN 
VIO -OWN) 
OMNIS Ne 
eeeee 


HON —— 


OILY ATALO 
COR-O WGI 
Camcd —ye @ i ol 
ee @¢ @ @ 


POA Se ee 


AQ} ath oamow 
fK—OD STU) 
NOON 
eeeeee*e 


MONIC ce rm 


OOO DON 
OOFNOC 
MIM OIOC UIA 


SN ee 


NI SO ator 
SONYA tein 
toOurOnr at 
eeeee#e 


MCSA Nm 


ON et eed oO ed 
Oromo 
Lm ORT O SO 
eo e@eee @ 


MINIT ON ee 


OND CO TM 
Deu" 
OMY SONI CE 
© @¢@ @ @¢ @ 


NMANANN 


My stem OAION 
M ISO OVA} CO 
MHI OT 
eeeeee 


PYYPONINOIOIAL 


WIP OLY 
COOMONOe= 
Cr OTN 
eee? 6 @ 


NORM NAN) 


cn ee ee ae ee ey 


Oooooo 
mI) St LOO 





OVER REGHE) & 


—-—— sll 


Pr aeL 


Es 


A 


Deeone Missile NUNBER 


KILL 


OF 


PROBABILITY 


WAS. 


KTS. 
Sac AD DTT 


u5 
E 


] 
R 


rc 


Uae 


BMARIN 
C 
-O MIN. 


Sie) 
a5 
5 


UN 


LL re beg 


10 


e) 


OO 


ae Gs EE o) 


Of UJ 


[bed 


Cue 


<x <a 


eat 
Oct 
<ow 


NINO WIY Pos 
OO9O000O 


MANIA St at 
DMOOOOO 


MNT Fay) 
OOCOCO 


Nat tM 
OOOOO0OO 


OS SAINQMING 
Slolelelere) 


CIRM RONIN 
ODOOODO 


m™OAIANAIAIA 
VOO000O 


oe or er en ee 


m™ OIQINAS 
OOOD0 0 


— er pee pees FO poe 


OOOOO00 


CD mm ee ge pee pee 


ODOOOO 


UOUVVOO0O 


Oooo0o 
om CIN tis) sO 


80 


1c 


WO 
Sa 


Naan 


Hu. Td 


Oc em 


x LS 


Pye no 
Oat 
Pah & 


WNOOM WT 
OrNwewe ee 
eo e0e@e8 @ @ 


TH OOO > 
CE ee ow 9 pre ome 
e202 @¢ 8 @ @ 


TtOoourm) 
Ore ew re ee 
eee8e8e © @ 


FO AMIN 
OO 
eo e@ @ @e & @ 


NNN Ae 
O © meme wwe 
ee e@ee8 8 @ 


N) Orme O O 
OD em em wwe 
oe308e8¢@ 


CU O OO CO 
QOOO0OO 


NE aT PR O 
OOOODO0O 


mm MSI 
OOCOOO 


a OIC! 
OOOdGO2 


OVOVUOO 


OOOO 00 
m™ NPQ TU) O 


10 


Ww) 


OO 
Nom 


mMmaican 


Ce Ly 


1 eres 


COL ow 


x<~ as 


yen) 
Oat 
Pag a 


USO OS 
Or AMIN 


eo ¢0808 6¢6¢ (@ 


OTNOW 
OMAN NIAY 


LINCOM NO 
Or QIN NIA 


eeeeege 


IN "OD OO 
Omen COU AIAI 


JOAN SO s+ 
OOM NAAN 


NY COINSG G00) wm 
OOrm en NNN 


NO" 9 O00 
QO ree 
ee¢ee0ee8@¢ ®@ 


Qnnmdaiwns 
OO0r Kr 


mM) OOOO 


~ 


NS) ar ui) 
Ooood0ood 


e*@eee¢e ¢ 


VOVUOOO 


OOVO0O0OO 
Mm NM TUNO 


















| yr Seba §@-™L ae - 














Oo . — 


10 


WO 
NZo 
StU) 


{=| 
Oct 

x <= 
‘Ou 
Oa 
ace 


OOO Pa r= 
Or NOT) 


WhO ING 
Or NM ot 


MIA 
Coe QIN) sy 


OM = DING 
ORmAINM + 


tym COW MN CO 
Orr AININ) 


© ¢6¢6UmFmUOHUCU® 


= Oia 
Ome OJIN 


ooe¢¢ &©& @ 6 


Jt Cm ann & 
DODO mK KK ANN 


eoeee% @ 


MmoOotamM 
COOrrre A 


Nh Oivy0 


eo © ee ¢ ¢ 


-—- NMC 
COOO000 


OVUVOQO 


OGeov0e 
m= OPN TLIO 


ElLRee 


Gee hisses 


NUMBER 


EXPECTED 


81 


10 


WO 

ia 

aan 
aane 


COX os 
<= 
on 

O<t 

Paai4 8 6 


SONIN SO OPPO) 
0 9150 OCO 
Mm ITNOWD 


MM MINION 


CO COM LOI 
COON ET AO IV'S 
MAI OO 
eee#ee¢ ® 


PANO PONG 


r= LIN COR 
m™=MOOoa0On 
COMMA © 
ee © © @ @ 


RON NON INIM) 


tA OM 
NONIAICODD 
e® «© e@@@¢ @ 


NO NTN NSS vy} 


Mia Deen 
WICC OR of 
CO”DWAMIN CY 


MAVEN 


COM—Qnn-mD Tt 
CORY Nt OV) 
COP WF NIN 
® 0@ @ & h68hlUm 


NIM CONAN 


TstOT—~O 
ODN NY 
NP Durat ot 
ee t¢es ®@ 


PONY 


DW ORLA ea 
MONA YOO) 
OOM OWN 

® @e @ ¢ @ 


Deh eel shel 


OS Car eme NY 
WON Or 
DN CIGI OG 


MINING ONIND 


[Oa Gy Go Or 
ae OP] an on 
OOO COC 


NAO NINO NI NY 


ee a en a ae 0 


OOoOaoOO 
m™ OND TWO 


FIREC 


Is 


X 


Benne we) Solle™ NUNBER 


KILL 


Ce 


PROBABLE 


SUBMARI 
10.0 MI 


[LES 


ON 
M 
Ee 


10 


re) 


IMINO Mway 
OV —— 


eet ee @ 


are COO 
Or ene oe 
eee? @ @ 


TEIQOOINnn) 
Qernrrnar 
eee¢@¢@¢ @ 


TO StNMA 
eee @ @ @ 


NOP ONY AS 
OQOOr Ke 
oeee8 @ @ 


hQOremm OO 
Oorcmrerrrrer 
ee 6@ @ @ ®@ 


NL OD OF 
QOO000 


Vath ph-0 
SBeeooe 


mm UI ot 
OOOOO0O 


mmm ICONIC 
OOO0O00 


OCOOO000 
em IM) TU SO 


82 


1c 


~~ 


MAA TAIR-N 
Or AIMINIM) 


OSNOW — 
OM ANN IN) 
ee%#ee8e¢@ 


UNO AO 
Om NANNIGN 


IN = COIN OO 
Orr nr QNAY 


at Quint! oT 
OOK AINA 


NY OUNI NN) 
OOr=—Giew 


NIOm—— UIC 00 
OO rr nrr 


CIN COA =f 


rN CVE 
OO°°Ce- 


Mm OJ FU 
OGVOIO00O 


VOOOUNO 


ODOO00OO 
P= ONNY STUY 


1c 


uy 


mM 


tid 
WO 
“Nao 


wa <I 


lL 


i iL 


oe 


x dS 


eQ~w 
C< 
< 


OOUM Ie 
Orn sw 


COpO ata 
r= Ci es 


Re WIN} a MU) 
Or QiNIM) = 


OMe DU Al 
Oem QIRQUEA = 


WY gee COD LIFE CO 
OK KR NINN 


tONNO + 
Omen AION) 


SOmcno 
OOrwer AGN 


MOO FOmM 
OD were A] 


e® @© et @ 


QO) th Oma O 
OOQ0Cf=-— 


rom ONIN IL Phe ON 
Ooooco 


OOVOOO 


OODOONMO 
m= ONIN TUWSO 


a _ vy 


| > iat 
ae, 7. 


ney 


: Le és 


"is ! 


* a 
‘er 








1 


Wo 

Nc 

Ty) 

ams 

i a 

Ota 

x <= 

ees. oC) we 
Oc 
man Xe 


Om AIM OD aT 
mm ONIN TAT IO 


DO OHCION 
Oe Oy aan) 


CO hh LINTON 
OOM 2 


MUO SNOWL 
Om ANIM 


OM COLO 
Om AQAIND = 


Wem CO St om fh 
OmKH Qo 


STON OOr 


COerNNM 


eee @ 8 @ 


NOM OO” 
OD MK mH AN 


ONLY OO em TF OS 
OOCCrmre 


m Nar OCOD OS 
Ooocdo0Or- 


oee @ @ @ 


WOVU000 


QOOO0908 
m COUN TIO 


FIRED 


frei sot CES 


CFG 


NUPBER 


EXPECTED — 


83 


10 


ly 


at Goes ON ON 
DMM-OAIS 
OMIA 6) T 
e® @e © @ @ 


MINION OI AION 


SFOINGAH-O 
CIO Cm 
~eMOM OW 
eo ee es @ 8 


BINT OT ON 


MIO AAT 
UN at aeons 
fh Te CORO 
eeeee @ 


NMI ION OIN 


Myr st OO. + 
CC Gol af 
Mi OOO 
eo @ eee 8@ 


NO NMINIM OIA 


NTOOr Oo 
=—-OMINNWN 
COLIN = OGG 
eo eetee 


NANI CYN 


MUMIA 
Piss ato C™ 
OOo taro or 
ee 8 @ @ @ 


MMMM NN 


ep MOS St aN 
eee NV HT 
CORMUDEA AS ew 
oee ef @ 


TRONIO NIN) 


LALA MUN COD 
Qa Oye 
OM OMIM 


ROMANO MO NN) 


OUI UD ONY 
BOLI SO = em 
Wcor Om 
ee e@ @e@ © @ @: 


NAO NON AN} 


GIO-OP- DO 
DATM AI 
OOOO 
eo e* @ ee @ 


MMO MMM IY 


tT TS AT 


O@MQOOO 





See brwe Ly 


K 


MISSILE NUMBER 


Bim E 


KIL 


PROGRES Or 


RACTAR SE. 


KTS. 
By etieeaiO 1 T 


5 


TY c=. 14 
TO FIRE 


aN 
jIMY 
— — 


YO 


MO 
WY) 


1c 


uy 


Lu) 
WO 


mea TY) 


O74 LU 


ip Ads ee) 
x <= 


eo uw 
Oct 
Pole aE, 


lmNOor-w= 
Om Ammen 
eee? @ 


arm coOm~o + 


eS ——— = 
eee ¢ @ 


TO OO 
Orreet-— 
oee @ @ @ 


STO aAINAI 
OOLern--— 
eoeee ¢ @ 


NYE PONTION 
OOQrr:--_— 
oee@e¢e¢8 @ 


MO r= OO} 
OOVeK--— 


NU) OO ON CO 
OO08o°0oO 


Nat fhe he 
OOOOO0O 


mi) nu) a 
Ooo0oo 


rm m= AION ONG] 
ODOoOoO 


®@e@0808080¢ ¢ @ 


OoOvvoO 


OQOO00O0 
m= OVI TAS 


10 


Wy 


CoO 
NA 


NIAIY 


Hu 4 


CZ wm 


<x As 


84 


ef) we 
Oat 
ate 


OOMOM ar 
Or AN Fu) 


OM D ANC 
Orn NM) tt Tt 


Pht ee Ou 
= ON) 


DOOM COUICS 
Or COOIe =F 


Wm CBU 
Orr OIG) 


a Ou Ss 
O—KNNM 
eet @¢ @ @ 


= CONDON) OY 
OO me NN 


MOO aaon 
OOO 


(Nt ph ONS 
OOCOne-n-— 


me NMI O 
COOCCOO 


OVUOCOO00 


QOQ@eQae > 
m= NII) FLO 


le 


Ww 


(LSU eae 
m= ONIN) ay) 


FCM EN AW 
= OJR QS Son 


COON OG 
mm ONNIND Sw) 


ON CORINA OY 
On NM J 


Mm WIN Jem COL 
Or CQININ + 


ONO PR =p O 
Om VOI) = 


me 19 OD Tt 


=P COMICON CO 
OOrKAIN 


PROYWSIDASO CE 


ea Oe 
OOCe Oe 


COVUGCOO00O 


OOO 
mNN) 


40 
50 
60 








Cc 


Nao 
Rn we eo) 
@ 8 8) 
(pies .J 
Owe 
< <= 
0D ww 


zm 


WIONNA 
en NY) STUY SO 


ath AOOr 
= OM) 


ONY) OW MIOD 
MOI SUN 


=m NN OW 
mAM FSW) 


OOO Te 
Om—QM ATO 


DOO TNaW 
CIM AUN aT 


e©e@@e@ @ & he 


01 OHIO 
Oe NNMN 


NOwoOrh-oJ 
Orr AiNM 


PO) fm LY OV) 
OO rrr Ai 


MN rowoory 
OOQO0Os™ 


OOOVO0O 


COOOOQoOoO 
m NIN SIMO 


MisSites FERED 


OF 


NUMBER 


EXPECTED 


85 


10 


CNS SOON OD 
O OW Ph OY 
Sie a 
eo e®@@# ¢@¢ @ @ 


ROMAIN 


eo COON CO OND) 
NA NOL fh Qa 
OND LAMIA 

e®* «8 8@ @ @ 


NNIOCIOION OY 


ONAT OS Po 
P= UN CO Ph 
SONIDO 2th} 
eee e288 @ @ ®@ 


NMIRIYONTAICIAS 


DH Dm DAO 
CIDOON 
hMOMCOW > 
*®* a0 © &@© @ @ 


NNO NOI 


ODOT AON 
Tor Ariiwn 
Se = 6 Pr) 

e @ e e e e 


MARION 


NOM em OO 
OAnDD— 
hMiANOdh 
eo 8@ @ @ @ 


MOVIN AY 


OsT@uyGQcs 
MIAQCING -O O 
CO OFT cCIOO 
®e@ © © 8 @ 


NPM PONT 


QU NANI NAY 
SO eon 
COMmwun =a Ne 


MNMMIMINONN 


Tee TINON 
m= ON COfO 
COrvOUI aN) 

ee @ 6 e e . 


NORIO AN 


MNS EN SO 
Uw1G ar GoCiIg} 
OD CO -B-O 


MPAA ROAD A 


a ioe Sn eee one te 


OO0OO00 
mm OAINY SUNS 


=e e 


elke ec 


1S 


x 


Bete oo lle MAVPER 


KILL 


Oe 


PRCBABILITY 


Ujiag » 


10 


wy 


Ny 


Oc 
Sa 


may 
|S 


O08 7 © At 


x <= 


‘Ou 
Oat 
<a 


Pie aie EO? Ih ona) 8 I @ 
Oe Ainir-c 


aT OO OS he 
Or ef em 
eeee#eee 


Jt O-OP— OT 
Orr r- 
eoee@¢ @ @ 


MOWO FN 
OOS rr, 
e@ee¢eee @ 


NIP) AICI 
COOrrtrtr 
eo e¢ee@8 @ 


NOr Nee © 
OQOQOrH---— 


CIUN OO OO 
QOO0OrOO 


ed et ed te 
OOSOOo 


eoeeee @e 


mm NN TUNUAY 
OOVOOO 


Or AMINA) 
OOO0O00O 


eo¢@e@¢ @ @ 


OVYVQOVUO 


OQOO00 
rm CNN TUNSO 


ic 


QO 
Soom 


NIN 


US Se 


Otre 


x dS 


86 


e —) we 
Oct 
<. co 


MSO OOUIN) 
Orn tw 


hh A at a OO 
Orns) Sw) 


OMI Oh 


Or AIG) 


eee ¢ e@ 


INWOM mM 
Om NAN) =f 
@ e@ee@¢ @¢ 


stOrm INO 
Oem rm NINES 
e@®e@e@ eh 6@hUme 


lOym OT 
OOTY 


ee¢@¢@ 6@ «(6@ 


IP OR NTO 
OOrmrn Noy 


NIN OI HID 
CO Or rN 


pow SO ONO 
OOOOnrr 


mS 
OOOOCO 


UVWVUGVOO 


QOOO0O0O 
m= NTO TLD 


10 


ie) 


OrmNNIAQUD 
mA TUN) 


COME UN) 
OFNM aM 


ee @e @ @ 


MINIMA OD 
Om NM Ft 


eee fF @ @ 


OMAK UY 
Or NNN 


eee @e @ 


We COLIN O 
O mre QU NY 


at OM el 
Corny 


IT) tym ON 
CO Orme ONO) 


ONC Fy) O 
OOCrer 


mN TOMO 
oOococr 


OOUVOOU 


Oooo @ 
am (NNO TL OO 


10 


OO 
~—— 
aaa) 


iS 
C2 OL me 
x AS 
oC 


a 


NO 0) GNI 
r= AINITTUNSO 


rm NOL) a 
mam OJIN aun O 


Omer AI OD 
mm ON TW 


DOA Op = 
Oe Qigeysw 


ODODLA SAD 
Or Nts at 


MeaNOoMm at 
Ore cys 


Mem COWIE CO 
Oem NIN 
eeeee?e e 


a Os OU 
OOM KAM 


MsOOnycons 
OOO tv 


maT UI OA 
ODdDOd0O0Or 


OVOIOVUO 


Oe OOoO 
er (NND TUN 


Z| 
A 


PERE 


Cie is O41 LES 


NUMBER 


EXPECTED 


87 


10 


CO ST MIWIND NSO 
UNA = OO 
OMNOMAIO 
eee eee 


MINIONEONONA 


CGOoowod 
HVS IOIM ph 
ON OONE 


MINN NAIA 


MOAN Or 
NI ONIN CO 
Mm NOOM TAY 
eoeeee*¢ 


POPMOMICOIONAI 


OOD NN oo 
LDN LAO WY) om ee 
m Jews 
eo @ @® @ @# @ 


FONTAN AN 


OnWM oor 
COSCON 
MIM WY 


MYNME NONE 


a CYONA CO 
IO ST Aire ee 
ODI ROM. 
ee @ @ & @ 


NEA OIMATN 


COMOM Ath 
MOM cond 
COD azNOW 
ee e@e@ 2« @ @ 


MMIII OS 


Me DiAwNy 
AA DMAQA 
COM WN at Ne 
® @e%*e¢e @ 


MMMM NIN) 


OG ae) ~O 
CINIGN = ONS 
OWr>- osm 
eseeee 


MNT AAR MIN) 


awa Or OU O 
OrmINAANO 
DOCOMO 


NMG MINT 


oe ae a” ee ee 


OCoOo0°0 
mA TNO 


=> 
— 
= es 
eo 
‘ 
: 
= 
‘ 
e@- =< s 
oa é ry 





FIREC 


i 


A 


Cr ee. 


Pee oh: 


uj 
Gr 


=~ 


oe 


ee 


OF 


PROEABT ory 


Ow 


2D 


Cc. 


tL) 


") 
<= 


a 
Ne 


madly) 


1 LL si 


CZ bane 


x Sk 


ef 


gQ< 


abled 


atl 


PO Ono) 
Cen NINDS) 


ph TNO 
Cre cdiatu) 


Oly Nm DS 
Om AMIN ot 


INAIOCMOM 
Om ON ot 


tOrmmne 
ORr—AMM 


=O ee 0 
QWOm NALIN 


POM IE NI & 
DO Orm eK NEN 


MILA AIM COND 
OO0OreRti 


am TODIOO 
OCOOCOU0Cner 


m— ONIEEG LE) he OD 
COOCOOO 


OVOVOOE 


OQOODOSO 
m™ NN USO 


in 


in 


NS 


Oem ONIKM DONS 


= NMG) aT AW 


AROOMD 
Oey st antn 
eoe8¢e¢h6Um8FhUmOhlUO 


% 


00) i al ed OIE 
OrNp) sw 


MmtNaMQ a 
Ona] Ss 


OID Re OLIN 


LY COUIN) OY 
Sem OLE 
eee ee @ 


TOW 
OOH NON 


MP ee OO fh 
OOD rH NGI 


INL OG =i OD 
OOO -=.— 


mm OV FOTO 
OOGOMOr- 


VOOUVDO 


COOO000 
mm ONS UI 


ice 


1 


TNOCO ON & 
em OIN) UO 


P= NODS) xp om 
om CNIS UNO 


Om NN = 0 
POINT SUI 


DOA coMm +t 
Orr nym awn 


COOUI NO 
Orr NT 


Ms JSANOM os 
OmN MN ot 
® @ @ @ @ @ 


Le COM w= CO 
Oem NN Y 


oad Vil AO ee 
COmeR NN) 


POWORNIWGIAY 


NLR ON 
OOooCc ee 


OQVU0OYU 


©O60Oeeo 
m= NM TINS 





Ga as fap" § Se. = 


‘erpeeeere 


i rs 


: 


iene 7 7 bo 


a 






iC 


4 


Od 
ee 
nn i Yo) 
MJ 
Wi lL 
Oct 
<x ae 
eC) — 

Od 

ao 


NOMiaeia 
eeN) oy Oso 


STMmOKAWN 
oO UD 
ee ¢ @e@¢ 0 4 


IN UY Th WI OT 
em IN) SUIS 


eoeeee@ 


NN OC 
Gaia [sO is eV al) EG. 


ON GO. Co Gat 
Or= OJ) =F ty 


e@®e¢ @ @ 6 


COON ts so OL) 
eran sp > 


eee & @ @ 


ON HR COIN 
Oa NIN) 


Ue Oe. Gort 
Ocrewvre CINTA 
e® e@ ef @ @ 


MP = NOown 
OO eK ain 


Na Ocr-I9 
OooorrT 
eeree¢e 


WOUO00O 


COGOOO 
m CIN TUNO 


CmeeeeioolirS. FELRED 


NUMBER 


D 


‘ 


EXPE Cyl 


89 


1C 


O° 


Mw 


us 


<< 
IY 
C% UY 


Ogee 
eC = 


Oot 
uals 


Pm COCs 
UNh O MMO 
WICsO er GOW) 
eeee ef @ 


MAMMA Nee 


MOOThcd 
CU Gi 
Lem MIO SO 
oeeeee 


NUNN Ole ee 


DIINO MD 
ITPOOAIING OD CE 
OAICS -OD 
eee 8 @ @ 


NITION 


OOM OD On. 
fren ath 
OER UDAIOD 
ee * @ @ @ @ 


MMT Ne 


PYAOOWMC Oy 
MSIOR. Mer pry 
SE TOM ae 
ee @ © @ 


MYM 


CO a arn sO 
ODO DSOAQr-NY 
NS SOO On) 
oo @eee @ 


NIPAMIEOIAIC 


Mm OOO OOWD 
HO TONN 
DOU ADN 
ee @ @ @ @ 


MIMD NITION 


DAOWONM 
ty HA OMtO 
DOO tO 
oeeee @ 


MPO MINAS 


INO AOD Ro 
COCO © aT ff 
OP OU NM ie 
ee e@eee @# 


NAAR AIAN 


CNIS 2p 
yor Gia 1A 
POM VOW 


ee @¢¢ @¢@ ¢@ @ 


MPAMNN NN) 


as iw ew on es ag 


OOOO000O 
mom OIN) aT UNO 


FIRED 


rs 


K 


BEFORE MISSILE NUMBER 


rete 


OF 


PROBABILITY 


Wee 
LU) 2? 


uj 


RIN 
CR 
MIN 


10.0 


DON SUBMA 
WIESE, 


LES 
SQ. 
SS ILE 


I 
I 


= 


S 
Q 


ie 


we) 


OO 
= 


—-aayn 
PUL oot 


Ccts 


x~ ae 


“lu 
Oa 
Py @ 


he SO OUI) 
Or ANYIMTN 


* 
oe ¢ @h6UHem™lU 


Mm J aN © 
Oem ONO ATW 


oo ¢@ @@ ¢ @ 


ba OT) OE ON heed Cat 
Ore QIN) + 


NO DOOM 
Om AA) 


JIOMIMNAIO 
Oe HK NON 


t+ ONC Tt 
OOM NNNY 


oeee¢ @ 


NOM AS O 
OO wre viM 


eo ¢ @e @ @ 


MIL PRUON 
OOV0Olfr A 


* e@¢? ¢@¢ @ @ 


wn TO ONNIO 
OO00— 


m= ONIN LTR OD 
OOODCOO 


OOUGOO 


COO00CO 
eM NIN) FO 


1c 


WOO 
Nao 


NI Y 


ed 


Ome 


<x Le 


90 


eC) we 
Ot 
me Ce 


VYIOOO => 
m= CUM UO 


eo ¢ @ 8 8 (6@ 


Pm NNO ST 
mm CI) TINO 


OM NNO 
mm NM TN 


eo @¢@¢@e6h6flhlUO 


OOD OM = 
Om OM TU 


ee oe ® ® @ @ 


COU) ar CUO 
Om NM FT 


= FtNOM st 
Dome NYLON) ap 
ee 8 @ @ @ 


LN w= COLD OD 
QeKH NII 


TROD 
OOF aAhg 


PMO DPNCOCN 
OoCeK A 


mm POU~ OO 
OOOO G — 
° 


UOYUOOUYO 


OO0O000 
m= NID TiO 


Pe 


it} 


COST COWOCN 
—N IW) OR 


Om AUIS 
rmOTUYOD 


FOerwOO 
mOTUYS OO 


e*eeet ¢ 


fALAR-h Oa) 
mA SUNS 


e*e*eepe 


= COIN CI GS 
Camel Gas |p 6 pa ot Ue 


eee? #7 @ 


PRMAOM MY 
Omang tuys 


o © @¢ @© @ @ 


h-UN =H yy 
Om NramMy 


ON GLA 
Orr AIM) 


® @ @¢0 @ 


TOONS AUS 
OOK SN 


OITPH~ ONLY) 
OCC. 


oe @ @¢ @ @ 


WORUOQO0OO 


OO0O000 
m™NNGTUIYD 





i ’ i= a! \ 1h it » « ey “ae ' 





Ee 


SI 


CN SO SOIICO 
NTO 


OONMOeW! 
(SNOW OP 
eee 06 @ 


CY COD) 
en) SLO R- 


Om TOMY 
PID St UNO] 


TH AOO@GWYM 
FOTN SO 


NINO ST st ONES 
man ah 


ODORS 
mmm COS 


LON CRMH 
Or SNM a 


IND Orbe Cl 
Omer CUCIN 


28 pee Peerage Oy 
oC Ce = 


OVUVOOO 


NOME OEe MISSILES FIRED 


EXEC PSD 


91 


10 


on 


va et CC 
LO BOS FS I a he 
WPI CUI) 
ee#ee#¢é6¢ 8 @ 


DR a aa el a 


© GIT) CO Ph Uf) 
VSP 
a Ov COS 


MONAIGQ e= er 


ALA WAI 
me CNIS SOND NO 
UU em GL) 
o® © e@e¢ @ 


Sim Cie. 


THOM MOLO 
COG 
Se BI ON Be 

6 s s s e 


‘cy NNO 


ett 9 Oar pte OE, 
COOL ODO OV 
CONGO a = OO 


PO MCN ATS 


WR OLOO = 
THN em COR CD 
OM OOO 
oeeoeee 


MMANA A 


ODO SWAT 
ati OO 
hte om 
e®* @e¢%¢ @ @ 


MMONMIAIAIA 


C3 UW SO 
Cy GC swoGIe us) 
COL UIG mm COD 

eee e¢6 


TOMAMOI A 


ge Alan 0810 Omg 
Mm CJICOOON 
CP WINING 
© @eee##ee 


TAIN MAPA 


1 Sa se YS 
1 PNM 
OOM OW 


MEOMA MIN 


ne ee ee a ew en 


COOOU00O 
mm CIN of LO 


APPENDIX C 


COMPUTATIONAL AID 


This appendix, through the use of the computational flow sheets 
on the following pages, is designed as an aid in the calculation of 
results that may be desired, but that are not presented in Appendix B. 
Needed exponential and sine function values will be found in Appendix D. 

Some additional symbols are introduced for computational ease. 
Their use in each case is self-evident, and none of the new symbols 


is used outside of this appendix. 
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COMPUTATIONAL FLOW DIAGRAM 
| 4k | Pree tee (ae | er Dee 
SS 
B. = O7TR = 

1 


T. = (TL + (X - 1)T2)/60 X21) 25.4 eee 


T = 


sin(OTT) 0 <Q< 0.5 


Q a = 
1 05<= 0 <1.0 
C. = (2) (R) (V_) (4) (Q) Kore, 2,6 - eee 
C, = 
C = 


“NCB, a0 Cc) ‘A 


P(D) =1,.0-e = 
=R 
Yes No 
Ti - ocean aonnnaae 
Nand 2 


Is TV =R or >RkR? 
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APPENDIX E 


COMPUTER PROGRAM 


The computer program included in this appendix is designed to 
make all P(D), P(X), and E(X) calculations mentioned previously. 
The exponential formulation is used. 

The program is written in FORTRAN-63, and is divided into sub- 
routines for the various calculations. If only P(D) results are 
desired, Subroutines KILL and EXPNR can be removed, and vice versa. 
Comment cards have been used for ease in tracking through the logic. 


The program was checked out on a CDC-1604. 
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